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INTRODUCTION 


The  purpose  of  this  work  was  to  obtain  some  quantitative  measure  of 
relative  performance  for  two  very  different  programming  languages.  One 
language  was  FORTRAN  and  the  other  was  the  Klerer-May  (4)  (K-M)  two- 
dimensional  (2-D)  language.  In  this  2-D  language,  programming  of  most 
algebraic  expressions  requires  little  or  no  alteration  of  the  text  book  form 
when  typed  on  a  input/output  typewriter  with  mathematical  typing  capability. 
The  general  syntax  of  the  language  was  designed  so  as  to  minimize  the  learn¬ 
ing  period  of  the  novice  user,  to  minimize  programming  error  by  using  ordin¬ 
ary  mathematical  notation  and  semantics,  and  to  be  self-documenting  and 
easily  readable  by  anyone  with  a  minimum  of  mathematical  literacy. 

Some  of  the  basic  style  associated  with  the  K-M  2-D  programming  system 
is  illustrated  by  the  examples  to  be  found  in  appendices  D  and  E.  Programs 
are  input  by  typing  on  a  modified  I/O  typewriter.  Half-space  subscripting 
and  superscripting  are  under  keyboard  control  and  arbitrary-sized  common 
mathematical  symbols  may  be  "drawn"  by  the  use  of  eight  special  characters 
that  "interlock"  so  that  the  complete  symbol  appears  to  be  continuous.  Cor¬ 
rections  can  be  made  by  overtyping  or  by  pressing  a  special  "erase"  key 
when  positioned  over  the  unwanted  character.  Mathematical  symbols  need  not 
be  typed  neatly  as  the  system  was  designed  to  recognize  highly  asymmetric 
representations  of  basic  symbols  and  to  tolerate  non-uniform  spacing  in  both 
horizontal  and  vertical  directions.  Arbitrary  back  and  forward  spacing,  up 
and  down  spacing,  intermixed  with  typing,  is  permitted  within  the  boundaries 
of  a  single  (compound)  statement  terminated  horizontally  by  a  period.  The 
reference  manual  for  the  basic  system  is  printed  on  two  sides  of  a  plastic  8 
1/4  by  10  3/4  inch  sheet  which  is  illustrated  in  appendix  C.  The  philosophy 
of  the  system  is  to  permit  the  user  to  exercise  a  variety  of  (sometimes  equiva¬ 
lent)  syntactical  forms  identical  to  ordinary  mathematical  notation,  to  allow 
easy  input  even  by  awkward  typists,  and  to  minimize  the  amount  of  procedur¬ 
al  and  linguistic  detail  necessary  for  use  of  the  system.  Ambigious  input  is 
resolved  by  the  use  of  context  dependent  processing  and,  prior  to  full  com¬ 
pilation  and  execution,  by  output  to  the  user  of  a  Fortran-like  linear  interpre¬ 
tation  of  his  input.  The  user  can  then  correct  or  edit  his  program  if  the 
system's  interpretation  differs  from  his  own. 

However,  as  has  been  previously  noted  (1,3,7),  experiments  to  test  the 
relative  efficiency  of  programming  languages  are  difficult  to  carry  out  for 
several  reasons.  Long  term  studies  on  professional  programmers  engaged  in 
producing  a  large  production  program  present  administrative  difficulties,  since 
the  interests  of  those  responsible  for  producing  the  program  (e.g.  minimizing 
costs)  are  not  necessarily  the  same  as  those  who  are  interested  in  studying 
the  project  in  ways  that  assure  statistical  validity.  Also,  having  another 
group  duplicate  the  program  using  a  different  language  is  nearly  always  not 
practical.  Shorter  studies  on  artificial  test  problems  tend  to  produce  results 
of  dubious  statistical  validity.  This  stems  from  the  difficulty  in  controlling 
the  human  factors  than  can  affect  the  results  of  such  an  experiment,  the 
small  number  of  subjects  usually  available,  but  most  importantly  the  tremen¬ 
dously  large  variance  or  range  in  performance  from  one  individual  to  another 
(1,3,5).  My  own  personal  experience  in  directing  a  computing  center  for 


many  years  and  in  managing  programming  efforts  has  led  me  to  believe  that  a 
gifted  programmer  can  produce  checked-out  code  (regardless  of  the  program¬ 
ming  language)  at  a  rate  which  appears  to  be  10  to  100  times  faster  than  a 
programmer  who  is  competent  but  of  mediocre  talent. 

Because  of  these  considerations  it  was  decided  to  carry  out  some  initial 
studies  on  a  population  consisting  of  students  who  were  taking  a  first  comput¬ 
ing  course  using  FORTRAN  as  a  programming  language.  It  could  be  expected 
that  such  a  group  would  be  relatively  homogeneous  in  terms  of  education, 
work  experience,  and  previous  knowledge  of  computing.  Also,  the  experimen¬ 
tal  procedures  would  be  easier  to  administer  if  the  instructor  of  the  course 
agreed  to  cooperate  and  if  the  students  were  told  that  their  participation  in 
the  experiment  would  be  credited  toward  their  work.  However,  the  require¬ 
ment  that  the  experiment  not  interfere  unduly  with  the  normal  curriculum  of 
the  course  forced  the  use  of  test  problems  of  minimal  expectation  effort  to  be 
assigned  to  that  phase  where  the  two  languages  were  compared  (Experiment 
II).  Further,  as  a  desireable  side  effect,  it  might  be  expected  that  the  use  of 
these  very  simple  problems  might  narrow  down  the  variance  associated  with 
natural  programming  ability.  Also,  in  order  to  gain  some  feeling  for  the 
inherent  variability  of  the  results  for  less  artificial  problems,  a  separate 
study  (Experiment  I)  was  undertaken. 

EXPERIMENT  I  (Fortran  Timing) 

PURPOSE 

The  purpose  of  this  experiment  was  to  gather  performance  (time)  data 
for  students  learning  FORTRAN . 

METHOD 

The  subjects  were  students  in  a  first  level  graduate  computing  course. 
There  was  no  interference  with  the  normal  conduct  of  the  course  and  students 
were  asked  only  to  supply  time  data  for  programming,  debugging,  keypunch¬ 
ing,  wait  time,  and  number  of  debugging  runs.  The  Fortran  text  was  by 
McCracken  (2)  and  problems  were  those  picked  by  the  instructor  without 
regard  to  the  purpose  of  this  data  sampling . 

RESULTS 

The  detailed  results  of  this  experiment  are  given  in  Appendix  A.  The 
set  of  results  for  each  assigned  problem  is  first  identified  by  the  heading 
"Fortran  Timing  Results",  followed  by  the  problem  number  and  page  where  it 
may  be  found  in  McCracken's  book.  The  number  of  student  responses  for 
each  problem  is  also  given.  The  first  block  is  the  raw  input  data  specifying 
programming  time,  keypunch  time,  the  number  of  debug  runs,  debug  time, 
debug  keypunch  time,  and  computer  wait  time,  as  reported  by  each  student. 
Where  no  data  was  reported  for  any  item,  the  code  9191  was  entered  at  the 
appropriate  place.  The  next  block  gives  the  statistical  results  computed  from 
the  raw  data.  In  cases  where  data  was  not  reported  for  either  programming 
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time  or  debug  lime  for  a  specific  problem  and  student  then  the  sum  of  the 
average  programming  time  plus  average  debug  time  might  differ  from  the 
average  of  total  (programming  plus  debug)  time  since  total  programming  was 
not  defined  unless  both  items  were  reported  together. 

In  the  next  output  block,  the  average,  range  (difference  between  maxi¬ 
mum  and  minimum),  performance  ratio  (maximum  divided  by  minimum,  where  a 
line  of  asteriks  indicates  that  the  ratio  was  in  excess  of  a  meaningful  value), 
variance,  and  standard  deviation  associated  with  each  measured  category  are 
given. 

The  last  output  block  for  each  problem  is  a  distribution  plot  of  total 
programming  time  for  the  set  of  students.  In  each  plot  the  vertical  line 
labeled  M  denotes  the  median  point  and  the  vertical  line  labeled  A  denotes  the 
point  which  represents  the  average  total  programming  time  for  the  particular 
problem. 

The  actual  problems  are  given  in  Appendix  D.  There,  McCracken's 
problems  are  shown  side  by  side  with  the  corresponding  K-M  programs  which 
are  solutions  to  McCracken's  problems.  The  purpose  of  this  appendix  is  to 
illustrate  how  little  translation  is  necessary  to  go  from  the  problem  statement 
stage  to  the  actual  2-D  programs.  It  should  also  be  pointed  out  that  anyone 
with  elementary  mathematical  literacy  should  be  able  to  understand  the  K-M 
programs  without  prior  instruction.  The  only  artifices  that  might  require 
referral  to  the  K-M  reference  manual  (Appendix  C)  might  be  the  DIMENSION 
declaration  (but  whose  meaning  would  be  obvious  to  anyone  with  experience  in 
any  other  programming  language)  and  the  use  of  the  "ket"  brackets  following 
a  variable  to  enclose  the  number  representing  the  field  size  of  the  integer  to 
be  printed. 

DISCUSSION 

The  results  of  this  experiment  make  clear  that  there  is  a  wide  variation 
in  individual  programming  performance.  This  is  consistent  with  previously 
reported  results  (3).  For  meaningful  sample  size,  the  performance  ratio 
associated  with  the  measure  of  total  programming  time  varied  from  a  low  of  10 
to  a  high  of  50  over  the  set  of  problems.  For  a  category  such  as  debug 
time,  it  was  difficult  to  assign  a  meaningful  performance  ratio  since  this  could 
vary  from  zero  to  relatively  large  quotients.  Even  the  performance  ratio 
associated  with  keypunch  time  seemed  to  be  dependent  on  the  particular 
problem.  This  might  indicate  that  a  certain  portion  of  what  was  reported  as 
keypunch  time  was  not  just  the  timing  of  mechanical  effort  but  might  include 
"think  time"  connected  with  each  problem. 

Furthermore,  the  distribution  of  these  results  tend  to  be  highly  skewed 
with  large  variances.  The  asymmetric  nature  of  each  distribution  of  total 
programming  time  is  indicated  by  the  relative  separation  between  average  and 
median  on  each  plot.  If  should  be  noted  that  each  distribution  was  plotted 
on  a  relative  scale  which  was  a  function  of  the  maximum  element  in  the  set, 
i.e. ,  the  maximum  element  always  occurs  on  the  extreme  right  of  the  plot. 
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But  it  is  indeed  surprising  that  such  wide  performance  variations  appear 
for  such  elementary  problems  and  in  a  novice  population  with  an  expectation 
of  relative  homogeneity.  Previous  results  suggest  that  these  wide  variations 
are  also  consistent  with  the  performance  of  experienced  programmers  (1,3,6). 

An  important  question  to  be  addressed  is  whether  such  results  are 
unique  to  programming  or  are  they  typical  of  performance  in  other  technical 
or  professional  fields?  It  is  difficult  to  think  of  another  field  which  both 
allows  the  formation  of  a  metric  of  quantitative  performance  and  for  which 
there  is  typically  a  wide  range  of  performance.  The  only  endeavors  which 
come  to  mind  that  are  characterized  by  analogous  or  even  a  greater  range  in 
quantitative  performance  are  those  of  invention  or  scientific  discovery. 
However,  it  would  appear  that  the  quality  of  intellectual  endeavor  associated 
with  invention  or  scientific  discovery  is  of  a  much  higher  plane  than  the 
mundane  task  of  programming.  Or,  indeed  is  this  really  so? 

The  problem  of  the  great  variance  in  performance  for  invention  and 
scientific  discovery  was  examined  by  Shockley  (6).  Even  in  a  highly  selected 
population  sample  of  research  workers  in  scientific  laboratories,  he  found  that 
some  individuals  were  at  least  fifty  times  more  productive  than  others  in 
equivalent  circumstances . 

Shockley  speculated  that  these  statistics  might  be  explained  by  a  model 
of  human  intelligence  where  each  individual  had  a  capability  of  being  able  to 
be  aware  of  M  ideas  and  their  relationships  simultaneously.  Furthermore, 
since  a  higher  value  of  M  would  allow  many  more  permutations  and  combina¬ 
tions  of  basic  ideas,  then  a  relatively  small  increment  in  the  value  of  M  would 
cause  a  disproportionally  larger  increase  in  the  total  number  of  permuted  or 
combined  basic  ideas  relevant  to  an  invention  or  intellectual  discovery.  An 
alternate  model,  also  proposed  by  Shockley,  would  link  intellectual  productiv¬ 
ity  to  the  product  of  independently  varying  different  factors.  If  the  number 
of  factors  were  large,  and  if  one  individual's  factors  each  exceed  that  of 
another  individual  by  a  modest  amount,  the  overall  product  of  factors  will  be 
very  different  between  the  two  individuals.  Shockley  also  gives  some  hints 
as  to  how  one  can  determine  the  parameters  of  each  model  (e.g.,  the  value  of 
"M")  by  studying  the  statistics  of  productivity . 

For  the  case  of  programming,  where  one  must  keep  in  mind  many  consid¬ 
erations,  Shockley's  first  model  seems  attractive.  In  *act,  based  on  personal 
introspection,  and  informal  discussions  with  other  individuals  as  to  how  they 
function  in  the  process  of  programming,  it  would  appear  that  the  capability  of 
perceiving  several  ideas  and  their  relationships  simultaneously  may  be  crucial 
to  successful,  efficient  programming. 

There  are  other  ways  of  regarding  these  results.  We  could  conclude 
that  we  must  be  more  selective  in  training  and  employing  programmers,  since 
those  programmers  who  do  less  well  than  the  median  exert  a  highly  dispropor¬ 
tionate  negative  effect  on  programming  performance.  But  in  view  of  the 
current  shortage  of  programmers,  this  does  not  appear  to  be  a  practical 
alternative,  even  if  one  were  to  agree  on  an  efficient  selection  criteria. 


4 


However,  it  does  provide  a  due  as  to  why  very  large  programming  teams  tend 
to  be  slower  in  producing  a  programming  product  than  a  highly  selected  tiny 
group.  The  overall  performance  of  a  group  tends  to  be  lower  than  its  most 
inefficient  member. 

But  one  can  treat  this  matter  from  a  more  disparate  point  of  view.  Put 
bluntly,  it  would  appear  that  the  results  suggest  that  most  people  who  do 
programming  simply  do  not  possess  the  special  intellectual  skills  to  easily 
program  on  an  appropriately  competant  level.  If  one  wishes  to  speculate 
within  the  framework  of  such  a  model,  then  it  would  appear  that  much  of  the 
present  concern  witn  program  errors  and  program  reliability  may  be  missing 
the  essense  of  the  phenomenon,  instead  of  these  errors  being  evidence  of 
inadequate  system  methodology  (e.g.  an  inadequate  program  structure),  they 
may  indeed  point  to  essentially  random  psychological  effects  brought  about  by 
an  inability  to  perform  to  the  level  of  the  programming  task. 

Regardless  of  the  precise  theoretical  model  to  account  for  this  wide 
variation  in  performance,  it  would  seem  that  the  nature  of  the  phenomenon 
dictates  the  most  efficient  solution,  i.e.,  automatic  programming  systems  for 
that  (large)  part  of  programming  tasks  which  are  well  formulated  in  some 
sense  and  where  the  translation  from  problem  statement  to  computer  code  is 
essentially  deterministic. 

EXPERIMENT  II  (2-D  vs  Fortran ) 

PURPOSE 

The  purpose  was  to  measure  the  comparative  performance  of  programming 
novices,  with  some  experience  in  FORTRAN,  upon  brief  exposure  to  a  2-D 
language. 

METHOD 

Two  very  simple  problems  were  chosen  so  as  not  to  interfere  with  the 
usual  classroom  objectives.  Problem  #1  was: 

"  Print  Y  for  values  of  X  starting  at  X  =  0.1  increasing  in  steps  of  0.2 
until  X  =  0.9  where 

5  j  n 
Y  =  Z  iX1 
i=l 

and  problem  #2  was: 

P  =  100  +  50X+25X2 

JlO  X3  +  2X4 


Print  P  for  X  =  1 ,  2,  . . . ,  6. 


The  experiment  was  repeated  for  two  different  classes  taking  a  graduate 
first  course  offering  in  computer  science  where  FORTRAN  was  introduced  as  a 
programming  language.  At  the  time  the  students  were  asked  to  participate  in 
the  experiment,  they  had  already  had  approximately  20  to  23  hours  of  formal 
classroom  instruction  in  elementary  computing  using  FORTRAN.  Also,  in  the 
preceding  10  weeks,  they  had  had  the  opportunity  of  solving  problems  using 
FORTRAN.  The  formal  lecture  on  the  2-D  language  was  approximately  one 
hour  long.  Also,  they  were  given  a  copy  of  the  one-sheet  user  manual  for 
the  language  and  a  set  of  16  sample  problems  illustrating  2-D  programs,  the 
initial  computer  conversion  to  a  linear  program  format,  the  output  of  the 
automatic  translation  phase  into  FORTRAN,  data  input  and  the  output  results. 
Students  were  advised  that  they  should  not  spend  more  than  two  hours  look¬ 
ing  over  this  "take  home"  material  before  attempting  the  problem.  Thus,  in 
terms  of  formal  training  and  practice,  the  students  had  a  background  favor¬ 
ing  FORTRAN  competency  by  a  factor  of  at  least  20  to  1 .  Of  course,  we  are 

not  unmindful  that  there  is  a  transfer  learning  effect  from  one  language  to 

another,  but  this  requires  study  under  an  experiment  of  different  design. 
None-the-less ,  it  appears  unlikely  that,  for  the  case  of  a  novice  population, 
the  transfer  learning  effect  would  be  so  large  as  to  diminish  significantly  the 
large  bias  of  the  experiment  toward  FOR  FRAN  competancy.  Put  another  way, 
any  significant  difference  between  the  2-D  language  and  FORTRAN,  if  ex¬ 
pressed  as  a  performance  ratio,  should  be  multiplied  by  a  "handicap"  factor. 

This  factor  should  have  a  magnitude  lying  somewhere  between  I  and  20. 

Each  class  was  randomly  divided  into  two  equal  groups.  Group  I  was 
assigned  problem  #1  to  be  done  in  FORTRAN  and  Problem  #2  to  be  done  in 
K-M.  Group  11  was  assigned  Problem  #1  to  be  done  in  K-M  and  Problem  #2  to 
be  done  in  FORTRAN.  The  completed  FORTRAN  problems  were  required  to 
be  returned  two  weeks  later.  Since  there  were  not  sufficient  terminals  avail¬ 
able  for  the  class  to  input  the  K-M  programs  directly,  within  the  given  time 
limitations,  they  were  asked  to  return  their  hand-written  K-M  programs  one 
week  later  at  the  beginning  of  the  class.  These  programs  were  visually 
inspected  for  correctness,  and,  where  needed,  error  message  output  was 
simulated  and  returned  to  the  students  for  further  debugging.  Final  hand¬ 
written  K-M  programs  were  returned  by  the  students  one  week  later.  The 
use  of  hand-written  program  input  is  not  unusual  with  K-M  systems  practice. 
At  Columbia  University's  Hudson  Laboratories,  where  the  K-M  system  was 
used  as  a  production  system  (1.)  for  several  years,  users  were  given  the 
option  of  either  typing  their  programs  directly  for  online  (or  offline)  process¬ 
ing  or  having  their  programs  typed  by  the  typists  employed  in  the  computing 
center  and  processed  offline.  Our  experience  at  Columbia  indicated  that  the 
effort  and  error  rate  involved  in  typing  K-M  programs  were  no  greater  than 
that  involved  in  the  equivalent,  typing  of  mathematical  text  using  a  standard 
office  typewriter.  Vv'e  also  concluded  that  the  input  typing  error  rate  for  the 
K-M  program  was  substantially  less  than  the  error  rate  experienced  in  key¬ 
punching  the  equivalent  FORTRAN  program.  Our  experience,  then,  led  us  to 
believe  that,  in  a  practical  sense,  the  K-M  language  was  more  suitable  than 
FORTRAN,  to  a  computing  center  environment  which  tried  to  convenience 
users  by  accepting  hand  written  input  for  program  compilation.  However,  we 
should  note  that  these  conclusions  were  based  on  our  informal  observations 
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and  no  formal  experiments  were  made  to  obtain  a  precise  measure  of  these 
comparisons . 

RESULTS 

Since  a  few  of  the  final  programs  were  still  flawed  by  major  or  minor- 
errors,  an  additional  weighted  data  set  for  each  class  was  processed  to  reflect 
these  errors.  The  weighting  was  as  follows:  If  the  program  w-as  incorrect, 
then  50%  of  the  programming  time  was  added  to  the  debug  time,  the  sum 
being  treated  as  the  weighted  debug  time.  If  the  program  contained  a  minor 
or  trivial  error  then  20%  of  the  programming  time  was  added  to  the  debug 
time,  the  sum  being  treated  as  the  weighted  debug  time.  However,  the 
results  of  these  weighted  sets  were  not  substantially  different  from  the  un¬ 
weighted  data  sets. 

The  results  of  this  experiment  are  given  in  Appendix  B.  The  block 
labeled  as  Set  #1  first  gives  the  raw  data  reported  by  the  class  of  20  students 
for  K-M  programming  time,  K-M  debug  time,  FORTRAN  programming  time,  and 
FORTRAN  debug  time.  Data  for  FORTRAN  keypunch  time,  number  of  debug 
runs,  debug  keypunch  time,  and  wmit  time  are  also  reported  but  were  not 
processed  at  this  time. 

Following  the  raw  data,  the  total  programming  time  (programming  time  + 
debug  time)  is  arranged  as  a  two-by-two  cellular  array,  where  the  elements 
of  each  cell  list  total  programming  time  corresponding  to  problem  number  and 
language. 

For  problem  1,  the  mean  (total)  programming  time  ratio  (R1K)  of 

FORTRAN  vs  K-M  is  3.6  and  for  problem  2  the  FORTRAN  vs  K-M  time  ratio 
is  2.9.  The  corresponding  unbiased  estimates  of  the  standard  deviations  are 
given  and  are  typically  very  large  for  each  datum.  As  we  have  noted  pre¬ 
viously,  these  ratios  should  be  multiplied  by  a  "handicap"  factor  h,  where 
l<h<20,  to  give  a  truer  picture  of  the  performance  of  one  language  relative  to 
the  other.  Thus  if  we  define  economic  efficiency  (E)  to  be  inversely  propor¬ 
tional  to  total  programming  time,  then  the  economic  efficiency  of  K-M  vs 
FORTRAN  as  a  function  of  problem  would  be 

F  =  hRFK 
LKF  hRt  • 

An  analysis  of  variance  indicates  that  the  difference  between  the  two  lang¬ 
uages  is  significant  at  the  c  =  .05  level,  and  that  the  difference  between  the 
two  problems  is  not  significant  at  the  c  =  .05  level  but  may  be  considered 
significant  at  the  e  =  .1  level. 

The  results  for  the  weighted  set  1  are  not  dramatically  different.  For 

FK  Fk r 

problem  1,  R*  =  3.96  and  for  problem  2,  Rt  =3.7.  The  analysis  of 

variance  indicates  that  the  difference  between  the  two  languages  is  significant 
at  the  e  =  .05  level  and  that  the  difference  between  the  two  problems  is  not 
significant.  The  main  effect  of  the  weighting  was  to  increase  the  FORTRAN  vs 
K-M  programming  time  ratio  for  problem  2  and  to  also  increase  the  relative 
variances,  accounting  for  the  lessened  statistical  significance  of  the  results. 


The  results  of  set  #2  are  based  on  a  much  larger  sample  than  that  used 
in  Set  #  1  (34  students  compared  to  20  in  the  previous  sample),  for  problem 

F  K 

#1 ,  the  mean  (total)  programming  time  ratio  of  i  OUTRAN  vs  K-M  is  R  = 

FK  * 

6.4.  For  problem  2,  R  =  1.76.  In  each  case  the  economic  efficiency  of 

K-M  vs  FORTRAN  is  given  by  Fk. v  =  hR^  ,  1  < h< 20 . 


The  analysis  of  variance  for  this  set  indicates  that  the  difference  be¬ 
tween  the  two  languages  is  significant  at  the  t.  -  .001  level  and  that  the 
difference  between  the  two  problems  is  signilicant  at  the  e  =  .05  level. 
Also,  there  is  a  non-neglible  interaction  between  problem  type  and  language. 


For  the  weighted  set 


7.1  for  problem  1  ,  R  =  1.76  for 


problem  2.  The  analysis  of  variance  indicates  that  the  difference  between  the 
two  languages  is  significant  at  the  e  =  .005  level  and  that  the  difference 
between  the  two  problems  is  significant  at  the  e  =  .05  level. 

DISCUSSION 

These  experiments  offer  clear  evidence  that  there  is  a  decided  economic 
advantage  for  novices  in  using  a  two-dimensional  approach  to  scientific/ 
engineering  application  programming.  There  is  reason  to  believe  that  the 
relative  advantage  of  the  2-1)  approach  becomes  even  greater  when  used  in  a 
production  environment  for  complex  application  programs  (1).  One  of  the 
several  reasons  for  this  is  that  the  2-1)  programming  approach  models  exactly 
in  many  cases,  or  very  closely  in  the  remaining  cases,  visually  complex 
mathematical  formula.  Therefore,  a  certain  part  of  the  dubugging  task  simpli¬ 
fies  to  routine  proof  reading  of  the  original  problem  formulae  contrasted  to 
the  2-D  program  statements.  Thus  there  is  a  marked  reduction  of  program 
error  for  complex  formulae  representation  due  to  the  fact  that  the  translation 
from  problem  to  program  is  either  identical  or  characterized  by  minimal 
change.  The  same  philosophy  applies  t.o  the  syntax  of  input-output  which  is 
a  major  source  of  program  error  in  such  languages  as  FORTRAN.  The  K-M 
language  uses  free-field  and  type-independent  input  and  several  kinds  of 
output  forms,  both  linear  and  two-dimensional,  so  that  checking  output 
syntax  as  a  function  of  problem  specification  is  also  reduced  to  a  proof 
reading  task  (see  Appendices  C  and  C  for  some  examples). 

However,  the  process  of  making  precise  objective  judgements  of  relative 
language  efficiency  confronts  many  difficult  problems  of  experimental  design 
and  practical  implementation  due  to  the  large  range  of  individual  programming 
capability.  Judgement  of  precise  2-D  programming  efficiency  is  particularly 
difficult  because  of  its  novel  programming  approach,  the  relative  unavailabil¬ 
ity  of  suitable  input  terminals,  and  the  artificial  intelligence  aspects  of  the 
system  design  for  a  2-D  effective  system.  None-the-less ,  the  relative  eco¬ 
nomic  efficiency  factor  of  a  2-D  language  such  as  K-M  when  compared  to  a 
linear  programming  language  such  as  FORTRAN,  appears  to  be  so  large  that 
only  an  order  of  magnitude  best  estimate  seems  to  be  sufficient.  This  best 
estimate  is  expressed  above  by  the  term  E^p.  Certainly,  further  experimen¬ 
tation  along  these  lines  is  appropriate  to  obtain  best  estimates  within  a 
narrower  range. 
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AVERAGE  DEBUG  T  IME 

*  1253. 

SECONDS 

AVERAGE  PROGRAMMING 

I  IME  ♦ 

AVERAGE 

DEBUG  TIME 

*  2985. 

SECONOS 

AVERAGE 

RANGE 

PERFORMANC 

E  VARIANCE 

STANOARD 

RATIO 

OE  V I  A  T  1  OF 

PROGRAMMING  I IME 

1  733. 

3300. 

12.0 

0.1 1608E 

OT 

1077. 

KEYPUNCH  TIME 

2A00. 

A920 . 

11.3 

0.23022E 

or 

1  517. 

DEBUG  RUNS 

1. 

3. 

3.0 

0 . 36201 E 

00 

1. 

CEBUG  TIME 

1253. 

7800. 

***** 

0.3A639E 

07 

1361. 

CEBCG  KEYPUNCH  TIME 

885. 

ABOO. 

***** 

0.13190E 

07 

1349. 

WAIT  TIME 

2 1A  3. 

6900 . 

2A.0 

0.2390AE 

07 

15A6. 

TCT  IPpriG»0E8UG)  TIME 

2935. 

moo. 

33.0 

0.53I98E 

0/ 

2412. 

A  4 


Nf.lt  th*l  4LL  I  IML  >  4hC  IN  aiXLfilt  > 


NLIE  ( H4 1  It  flit  MINIMUM  C4I4  ElEMENl  IS  0,  lH£N  i  UL  r 
IN  (lit  f.AL(.UL4  T  (CN  tOK  PE  RE  OK  14NC  t  HUIJ  (HE  0  IN  I  HE 
CENCMINMGR  IS  RE  PI  4C  f  0  3*  1 


IJISIK  IBUflfN  CF  IOT»L  PRGCfUMMING  TIME 


I 

*-«•«-» - ♦*»»-»-* - * - • 

»  ♦  *  *  *  * 

|  * 

I  * 


*■ 


* 


* 


A 


M 


A  =  average 
M  =  median 


A5 


FCRlKAN  IIMING  FESULIS 


PRl'ELEM  *  4  PACE  dd  HhK  5 
NUMBER  CF  SlUDcNIS*  2 

NOTE  T  H4  I  4LL  TIME  1  NFURMA  T  1  UN  IS  IN  SECONDS 


1  1  1 

121 

m 

(41 

IS  I 

I  61 

STLCENT 

PROGRAMMING 

KEYPUNCH 

DEBUG 

DEBUG 

DEBUG 

WAIT 

ID 

TIME 

II  ME 

RUNS 

I  IME 

KEYPUNCH 

I  IME 

I  IME 

7. 

2400. 

2400. 

2. 

2400. 

3000. 

IdOJ. 

S. 

ldOO. 

600. 

0. 

0. 

0. 

100. 

NC  I  E  IHAI  I  HE  NUMBER  9191  IS  4  CODE  10  SIGNIFY 
I  h  4 1  NO  0414  SUPPLIED  FOR  THIS  INSI4NCE 

S  1 4  T  I  ST  I C  4L  RESULTS 

NC  I  E  TH4T  TOT  4L  PROGRAMMING  I  IME  IS  NOT 
Off  IN EO  IF  THERE  IS  NG  DAT4  FOR  EITHER 
PROGRAMMING  TIME  OR  FOR  DEBUGGING  TIME 

AVERAGE  PROGRAMMING  TIME  *  2100.  SECONOS 


AVERAGE  DEBUG  TIME 

*  1200. 

SECONOS 

AVERAGE  PROGRAMMING 

T  IME  ♦ 

AVERAGE 

DEBUG  TIME 

«  3300. 

SECONDS 

AVERAGE 

RANGE 

PERFORMANCE  VARIANCE 

STANDARD 

RAT  (0 

DEVIATION 

PROGRAMMING  TIME 

2100. 

600. 

1.3 

O.IBOOOE 

06 

424. 

KEYPUNCH  TIME 

1500. 

1800. 

4.0 

0. IbZOOE 

07 

1273. 

DEBUG  RUNS 

1. 

2. 

2.0 

0.20000E 

01 

1. 

DEBUG  TIME 

1200. 

2400. 

***** 

0.28300E 

07 

1697. 

CEBUG  KEYPUNCH  TIME 

1500. 

3000. 

***** 

0.45000E 

OT 

2121. 

WAIT  TIME 

1050. 

1500. 

6.0 

0.1  1250E 

07 

1061. 

TCI  IPR0G*0E8UGI  MME 

3300. 

3000. 

2.  ? 

0.45000E 

OT 

2121. 

NOTE  THAT  ALL  TIMES  ARE  IN  SECONDS 

NOTE  THAI  IF  THE  MINIMUM  DATA  ELEMENT  IS  Ot  THEN  ONLY 
IN  THE  CALCULATION  FOR  PERFORMANCE  RATIO  THE  0  IN  THE 
DEFCMIN4T0R  IS  RE  PL  AC  EO  BY  1 

DISTRIBUTION  OF  TOTAL  PROGRAMMING  TIME 


Ah 


PC  R  IK  AN  I  IMING  Kt  iUL  I  i 


PPDBLEM  *  13  FACE  90  HWK  ilUl  *1 
NUMBER  UP  SfUDENIS-  16 

NO I  £  THAI  ALL  TIME  INFORMATION  IS  IN  SECONDS 


1 1  1 

I  21 

(31 

(*l 

151 

(61 

SIUOENT  PROGRAMMING 

KEYPUNCH 

DEBUG 

DEBUG 

DEBUG 

WAIT 

ID 

TIME 

ri  me 

RUNS 

TIME 

KEYPUNCH 

T  I  ME 

TIME 

d. 

bOO. 

900. 

2. 

600. 

300. 

600. 

6  . 

7800. 

*2  00. 

*. 

900. 

7800. 

3900. 

7. 

1800. 

1800. 

2. 

1830. 

2*00. 

15  00. 

21 . 

*500. 

2700. 

3. 

6300. 

1300. 

5*00. 

16. 

1800. 

1800. 

3. 

1500. 

900. 

3600. 

15. 

3600. 

3600. 

1. 

*500. 

900. 

5*00. 

12. 

1200. 

2703. 

0. 

0. 

0. 

2700. 

17. 

3600. 

36  00. 

1. 

1800. 

900. 

1800. 

22  . 

*300. 

1500. 

1. 

900. 

600. 

6000. 

25. 

1800. 

1200. 

1. 

600. 

300. 

600. 

26. 

600. 

1200. 

2. 

360. 

300. 

1200. 

Id. 

9000. 

3600. 

1. 

600. 

600. 

300. 

3. 

5*00. 

2700. 

a. 

13800. 

3  000. 

9000. 

2*  . 

2700. 

1800. 

*. 

3000. 

2*00. 

1800. 

23. 

3600. 

27  00. 

5. 

3600. 

3600. 

3600. 

1  . 

3600. 

3600. 

2. 

3600. 

3600. 

1800. 

NC  IE 

THAT  IHE  NUMBER 

9191  IS 

A  CODE  TO 

SIGNIFY 

THAT  NO  DAM  SUPPLIED  FOR  THIS  INSTANCE 

statistical  results 

NO  I E  THAI  IOIAL  PROGRAMMING  TIME  IS  NOT 
OFF  INFO  IP  THERE  IS  NO  DATA  POR  EITHER 
PROGRAMMING  TIME  OR  FOR  DEBUGGING  TIME 

AVERAGE  PROGRAMMING  TIME  *  3525.  SECONOS 

AVERAGE  DEBUG  TIME  «  27*1.  SECONDS 

AVERAGE  PROGRAMMING  TIME  ♦  AVERAGE  DEBUG  TIME  «  6266.  SECONDS 


AVERAGE  RANGE  PERFORMANCE  VARIANCE  STANDARD 


RATIO 

DEVIATION 

PROGRAMMING  TIME 

352  5. 

8*00. 

15.0 

0.54056E 

07 

2325. 

KEYPUNCH  TIME 

2475. 

3300. 

*.7 

0.10181E 

07 

1009. 

DEBUG  RUNS 

3. 

3. 

8.0 

0.37500E 

01 

2. 

DEBUG  TIME 

27*1. 

13800. 

***** 

0.1 1039E 

08 

3323. 

DEBUG  KEYPUNCH  TIME 

1B38. 

7800. 

***** 

0. 37**8E 

07 

1935. 

WAIT  TIME 

3075. 

8700. 

30.0 

0.5A169E 

07 

2327. 

TCT (PROGkDEbUG) TIME 

6266. 

182*0. 

20.0 

0.20107E 

08 

4*8*. 

NOTE  THAT  ALL  TIMES  ARE  IN  SECONDS 


NOTE  THAT  IP  THE  MINIMUM  OA I A  ELEMENT  IS  0,  THEN  ONL  Y 
IN  IHE  CALCULATION  FCR  PERFORMANCE  RATIO  THE  0  IN  THE 
DENOMINATOR  IS  REPLACED  BY  l 

DISIRIBUIICN  OP  IOIAL  PROGRAMMING  TIME 


♦  ♦ - * - -  - - -  *  —  *  —  * — ♦  -  * - -  * - * - -  -  -  - - * 


A  A  ■»  averapp 

M  *  median 


A7 


J 


M 


FC KIKAN  IIMING  R£  SUL  T  S 


PROBLEM  t  IB  PAGE  90  NWK  5 
NUMBER  CE  STtjCEMS*  16 

NOTE  IHAI  ALL  IIME  INFORMAIION  IS  IN  SECONDS 


1 1  1 

1  21 

(31 

(4  1 

(5  1 

(61 

IbCCNT 

PROGRAMMING 

KEYPUNCH 

DEBUG 

DEBUG 

DEBUG 

WAIT 

1C 

1  (ME 

11  ME 

RUNS 

1IMF 

KEYPUNCH 

TIME 

TIME 

a. 

900. 

900. 

3. 

900. 

300. 

6  00 . 

6. 

1200. 

3300. 

3. 

7300. 

6300. 

3600. 

I  . 

1500. 

1500. 

1. 

1300. 

1300. 

600. 

21  . 

3600. 

2100.' 

2. 

3600. 

1500. 

3600. 

lb. 

2  700. 

2100. 

5. 

2400. 

1200. 

5400. 

12. 

1  BOO  . 

2700. 

1. 

600. 

0. 

1200. 

11. 

laoo. 

3600. 

1. 

900. 

900. 

1300. 

22. 

5700. 

17  40. 

2. 

1  74  C. 

1200. 

7200. 

2  J. 

2100. 

13  00. 

5. 

1300. 

1300. 

9191. 

25. 

1B00. 

1200. 

3. 

3600. 

900. 

1500. 

2b. 

600. 

1200. 

1. 

60. 

6  0. 

900. 

IB  . 

3600. 

2700. 

5. 

7200. 

3600. 

24001 

]  . 

9000. 

3000. 

8. 

4300. 

3600. 

9000. 

24. 

I  BOO.' 

1200. 

3. 

3000. 

2  40  0. 

1200. 

21. 

2700. 

2700. 

5. 

3600. 

3600. 

3600. 

1. 

3600. 

3600. 

A. 

3600. 

1  BOO. 

1300. 

NCIE  IHAI  THE  NUMBER  9191  IS  4  COOE  fO  SIGN  IF  Y 
IPAI  NO  0414  SUPPLIEO  FOR  THIS  INSTANCE 


ST41I  STIC4L  RESULIS 

NLIE  IH4T  IOF4L  PROGRAMMI  NO  TIME  IS  NOT 
DEFINED  IF  THERE  IS  NO  04T4  FOR  EITHER 
FR0GR4MMING  TIME  OR  FOR  DEBUGGING  TIME 

AVERAGE  PROGRAMMING  TIME  =  J IBB.  SECONDS 


AVERAGE  DEBUG  TIME 

«  2963. 

SECONOS 

AVERAGE  programming 

T  IME  ♦ 

AVERAGE 

OEBUG  TIME 

>  6150. 

SECONOS 

AVERAGE 

RANGE 

PERFORMANCE  VARIANCE 

STANOARO 

RATIO 

DEVIATION 

programming  time 

3133. 

3400. 

15.0 

0.49936E 

07 

22  35. 

KEYPUNCH  TIME 

2209. 

2700. 

4.0 

0.75565E 

06 

B69. 

OEBUG  RUNS 

3. 

7. 

3.0 

0.36375E 

01 

2. 

CEBUG  IIME 

2963. 

7740. 

130.0 

0.4586BE 

07 

2142. 

OEBUG  KEYPUNCH  TIME 

1935. 

6300. 

*•**• 

0.25616E 

07 

1601 . 

NAII  IIME 

2  960. 

3400. 

15.0 

0.59904F 

07 

2427. 

TCI (PROGtDEBUGI TIME 

6150. 

14340. 

22.7 

0.15732E 

03 

3966. 

NCIE  THAT  AIL  TIMES  ARE  IN  SECONOS 

NCIE  THAT  IF  THE  MINIMUM  04TA  ELEMENI  IS  0.  THEN  ONLY 
IN  THE  CALCULATION  FOR  PERFORMANCE  RAT  10  THE  0  IN  THE 
CEACMIN4ICR  IS  REPLACED  BY  1 

OISIR  IBuriCN  OF  IOTAL  PROGRAMMING  TIME 

I  I 

-  -  *  — —  ♦ —  «  *  —  . - -.-**-* - . *  .  — - - - - . „ 


M  »  A  ■  average 

^  M  ■  median 


A8 


»  l  K  IK  AN  I  I  PINO  kl  sill  I  ) 


PM  81  EM  *  3  PAi.E  lib  liWK  o(Ut  bl 
NUMBER  CP  SlUDEMb-  IS 


NUTE  I  HA  I  4U  TIME  IHFuhMAIION  IS  IN  SECONDS 


1  1  1 

121 

I  31 

141 

151 

1  61 

I C  Cf  N 1 

programming 

KE  Y  PUNCH 

DEBUG 

DEBUG 

DEBUG 

MAI  I 

10 

TIME 

TIME 

RUNS 

TIME 

KEYPUNCH 
t  IME 

T  IME 

3  . 

900. 

900. 

3. 

900. 

600. 

1  300. 

6  . 

3600. 

3300. 

4. 

6900. 

3600. 

3903. 

7. 

1600. 

1S00. 

3. 

3000. 

3000. 

13  00. 

21. 

6300. 

5700. 

2. 

540C. 

600. 

5400. 

16. 

1200. 

900. 

2. 

1500. 

600. 

4500. 

12. 

1300. 

2700. 

0. 

0. 

0. 

1800. 

IS. 

2  TOO . 

9191  . 

1. 

1300. 

900. 

1803. 

A. 

1S00. 

2100. 

3. 

120Q. 

600. 

2400. 

22. 

5400. 

1980. 

1. 

1500. 

900. 

7200. 

20. 

900. 

2100. 

2. 

1500. 

900. 

9191. 

2S. 

1800. 

1200. 

4. 

3600. 

1200. 

1800. 

26. 

1200. 

1500. 

1. 

600. 

240. 

1203. 

13. 

1  4400. 

59  00. 

3. 

3600. 

2  700. 

600. 

13. 

1800. 

900. 

7. 

8400. 

1  800. 

4500. 

3. 

3000. 

1300. 

6. 

10200. 

3600. 

7200. 

24. 

1800. 

1200. 

4. 

2400. 

2100. 

18  00. 

21. 

3600. 

3600. 

fa. 

5400. 

2700. 

2700. 

1  . 

3600. 

1800. 

2. 

360C. 

2400. 

1  B  00  • 

NCIE  THAI  I HE  NUMBER  9191  IS  A  CODE  TO  SIGNIFY 
THAT  NO  DATA  SUPPLIEU  FOR  THIS  INSTANCE 


SiAIl  S  T 1 C  AL  RESULTS 

NCIE  THAT  TOTAL  PROGRAMMING  TIME  IS  NOT 
CEFINEO  IF  rHERE  IS  NO  DA  T  A  FOR  EITHER 
PROGRAMMING  T IMF  OR  FOR  DEBUGGING  TIME 

AVERAGE  PROGRAMMING  TIME  =  3167.  SECONDS 


AVERAGE  DEBUG  TIME 

«  3417. 

SECONDS 

AVERAGE  PROGRAMMING 

T  IME  * 

AVERAGE 

OEBUG  TIME 

«  6583. 

SECONOS 

AVERAGE 

RANGE 

PERFORMANCE  ’VARIANCE 

STANDARD 

RATIO 

DEVI  AT  ION 

PROGRAMMING  TIME 

3167. 

13530. 

16.0 

0 . 96022  E 

07 

3099. 

keypunch  TIME 

2269. 

4800. 

6.3 

0 • 201 57  E 

07 

1420. 

OEOT'G  RUNS 

3. 

7. 

7.0 

0.34444E 

01 

2. 

DEBUG  TIME 

341  >. 

10200. 

***** 

0.7591AE 

07 

2755. 

OEBUG  KEYPUNCH  TIME 

1580. 

3600. 

***** 

0.12969E 

07 

1  139. 

WAII  TIME 

3071. 

6600. 

12.0 

0.38703E 

07 

1967. 

TC I IPROGPQEBUGt  TIME 

65S  3. 

16200. 

10. 0 

0.20395E 

08 

4516. 

NCIE  I M  A I  AIL  IIMES  ARE  IN  SECONOS 

NCIE  THAT  IE  I  HE  MINIMUM  DATA  ELEMENT  IS  0,  THEN  ONLY 
IN  IDE  CALCULATION  FOR  PERFORMANCE  RATIO  THE  0  IN  THE 
0E  Rf N | N  A  TOR  IS  RfPLACFO  BV  1 


UlilR  HUliO  LF  ItlAL  PkuGR  4M‘1 1  No  t  ME 


♦  • 


4*. 


M 


A 

M 


average 

median 


Ay 


FI  R  In  AN  (  l  MING  ftt  SUL  7  S 


PftlfcLEM  ¥  9  PAGE  119  HWK  l,Uh  9  1 

NUMtfft  uf  students*  it> 


lv.)T  E  THAT  ALL  TIME  INFORMATION  IS  IN  SECONDS 


1  1  I 

1  21 

131 

14  1 

IS  1 

IGI 

S  lUl'ENI 

PROGRAMMING 

KEYPUNCH 

DEBUG 

DEBUG 

DEBUG 

WAt  ( 

I  C 

I  IME 

1 1  ME 

RUNS 

I  IME 

KEYPUNCH 

1  IME 

TIME 

I. 

1800. 

1600. 

4  . 

3000. 

3000. 

19  00. 

21  . 

T2  00  . 

7800. 

3. 

10800. 

2400. 

10800. 

16. 

600. 

1200. 

3. 

iaoc. 

900. 

3600. 

12  . 

2100. 

3000. 

1. 

1200. 

600. 

4500. 

IS. 

4200. 

3600. 

5. 

720C. 

5400. 

7200. 

A  . 

1800. 

3300. 

4. 

4200. 

2400. 

1 3800. 

22  . 

S280. 

1920, 

2. 

2400. 

132  0. 

81  00. 

20. 

1800. 

3600. 

3. 

2700. 

1200. 

9191. 

2  S  . 

1800. 

1200. 

3. 

5400. 

900. 

1800. 

3. 

900. 

900. 

2. 

600. 

300. 

1200. 

6  . 

8400. 

4800. 

4. 

7800. 

6900. 

3900. 

26. 

480. 

900. 

1 . 

9191. 

919  1. 

1500. 

3. 

6000. 

5400. 

15. 

6600. 

3600. 

3600. 

29. 

1500. 

1800. 

3. 

1800. 

1500. 

1800. 

23. 

3600. 

16  00. 

6, 

7200. 

2700. 

3600. 

1  . 

3600. 

1800. 

2. 

3600. 

60. 

1800. 

NCIE 

THAT  THE  NUMBER  9191  IS 

A  CODE  TO  SIGNIFY 

THA  1 

NO 

OAIA  SUPPLIED  FOR  IH1S  INSFANCE 

STAfl  STICAL  RESULTS 

NCIE 

IHAI  TGIAL 

PROGRAMMi NG 

(IME  IS  NOT 

DEF  INEO 

IF  (HERE 

IS 

NO  OAIA 

FOR  EITHER 

PROGRAMMING  I IME 

OR 

FOR  DEBUGGING  TIME 

AVERAGE 

PROGRAMMING 

TIME  * 

3191.  S6C0N0S 

AVERAGE 

OE  BUG  TIME 

*  4420- 

SECONDS 

AVERAGE 

PROGRAMMING 

I  IME  ♦  AVERAGE  DEBUG 

TIME  * 

7611.  SECONDS 

AVERAGE  RANGE  PERFORMANCE  VARIANCE  SI  AN  CARD 


RATIO 

DEV 

1  AT  ION 

PROGRAMMING  TIME 

3191. 

7920. 

17.5 

0.54946E 

07 

2  344. 

KEYPUNCH  TIME 

2914. 

6900. 

8.7 

0.336736 

07 

1  935. 

OEBLG  RUNS 

4. 

14. 

1S.0 

0. 1002  7E 

02 

3. 

DEBUG  TIME 

442  0. 

10200. 

18.0 

0,81176c 

07 

2849. 

Of  BOG  KEYPUNCH  71  ME 

2212. 

6840. 

115.0 

0.34435E 

07 

1356. 

WAIT  TIME 

4600. 

12600. 

11.5 

0.1320SE 

03 

3634. 

ICTIPROG»DEBUGI IIME 

7  792. 

16500. 

12.0 

0.235216 

OS 

4850. 

NCIE  IHAI  ALL  IlMES  ARE  IN  SECONDS 


NCIE  IHAI  IF  IHE  MINIMUM  OAIA  ELEMENI  IS  0,  I  HEN  ONLY 
IN  IHE  CALCULATION  FOR  PERFORMANCE  RATIO  THE  0  IN  THE 
DENOMINATOR  IS  REPLACED  BV  1 

0  ISTR  IBLTION  OF  IOTAL  PROGRAMMING  TIME 

- *-  -» - » - *  ; - --» 

A  =  average 
M  =  median 


A  10 


fcriran  i  ici'ii,  sum  i  . 


P  R.j  PL  EM 

» 

l  L  i  i*>  HhK  o(l 

il  51 

number 

f  + 

•> i  oueni  s - 

19 

NJ 

IE  1  HA  I  ALL 

IlME  INEGRMAIION 

li  IN  SECOND 

3 

(  l  1 

I  21 

I  31 

<  4  1 

151 

1  6> 

S  IUCENI 

PROGRAMMING 

KEY  punch 

DEBUG 

DEBUG 

DEBUG 

*.41  1 

ID 

I  IMP 

Tl  ME 

RUNS 

TIME 

keypunch 

TIME 

TIME 

i  . 

laoo. 

18  00. 

3. 

1800. 

900. 

1803. 

6. 

5400. 

3000. 

2. 

3600. 

5400. 

3000. 

7. 

1500. 

1800, 

4. 

300C. 

3000. 

12  00. 

21  . 

6600. 

2400. 

2. 

4800. 

1  300. 

7203. 

s. 

4500. 

1600. 

3. 

7800. 

600. 

3  00. 

16. 

2100. 

1803. 

4. 

2100. 

1200. 

5400. 

12. 

4200. 

3600. 

1. 

2100. 

1200. 

3000. 

IS. 

4800. 

24  00. 

1. 

60C. 

900. 

1200. 

1  7. 

1600. 

36  00. 

2. 

3600. 

1  BOO. 

1800. 

V  • 

L600. 

2700. 

3. 

120C. 

900. 

4200. 

22. 

6300. 

2100. 

1. 

150C. 

900. 

7230. 

20. 

1200. 

1800. 

2. 

600. 

1200. 

9191. 

25. 

5  200. 

33  00. 

5. 

14400. 

1500. 

2700. 

26. 

1  50  G. 

18  00. 

2. 

600. 

480. 

1200. 

Id. 

1  4400. 

5400. 

0. 

0. 

0. 

300. 

3. 

6100. 

3600. 

15. 

10300. 

4300. 

7200. 

24. 

1600. 

2400. 

4. 

2700. 

2400. 

1800. 

21. 

3bOO. 

2700. 

6. 

5400. 

2  70  0. 

3600. 

1  . 

3600. 

3600. 

2. 

360  0. 

1800. 

3000. 

NO  IE  THAT 

THE  NGM8ER 

9191  IS 

A  CODE  TO 

SIGNIFY 

TH4  I  NO  04IA  SUPPLIED  FOR  THIS  INSTANCE 
sr*f*  SriCAL  RESULTS 

Nr  I  E  I H  4 1  TOTAL  PRCGRAMMI  NG  I  (HE  IS  NOT 
DEFINED  IF  THERE  IS  NO  0414  FOR  EITHER 
PROGRAMMING  time  or  for  debugging  time 

AVERAGE  PROGRAMMING  TIME  =  4595.  SECONDS 


AVERAGE  DEBUG  TIME 

=  3695. 

SECONDS 

AVERAGE  PROGRAMMING 

T  IME  * 

AVEkAGE 

DEBUG  TIME 

•  8289. 

SECONOS 

AVERAGE 

RANGE 

PERFORMANCE  VARIANCE 

STANDARD 

RATIO 

DEVIATION 

PRuGRAMMING  IlME 

4595. 

13200. 

12.0 

0.84605E 

07 

2909. 

KEYPUNCH  TIME 

281 1. 

3600. 

3.0 

0.35463E 

06 

924. 

CEBIT.  PUNS 

3. 

15. 

15.3 

0.97729E 

01 

3. 

OEdLG  TIME 

3695. 

14400. 

***** 

0.13140E 

08 

3625. 

CEBLG  KEYPUNCH  IlME 

1762. 

5400. 

***** 

0.1  8618E 

07 

1364. 

WAIT  IlME 

3117. 

6900. 

24.0 

0.49414E 

07 

2223. 

TCT IPRCGpDEBUGI TIME 

8289. 

19300. 

11. 2 

0.22834E 

08 

4778. 

NCIf  THAT  ALL  TIMES  ARE  IN  SECONOS 

NO  I E  that  IF  THE  MINIMUM  DATA  ELEMENT  IS  0*  THEN  CNL  V 
IN  IMF  0  At  CUI.  A I  ION  FOR  PERFORMANCE  RATIO  THE  0  IN  THE 

D  l  S  Ik  IliuT  If  7.  OF  IOTA.  Pfir.GR  4M  1 1  KG  TIM*- 

- 1  • - *-**  — ♦--* L  -  - *  —  * - * - * 

»  *  *  I  * 

|  A  ■  average 

A  H  “  median 


All 


FCRI KAN  IlMiNb  KESuU  S 


PROBLEM  «  2  PAGE  19*  HWK  fl 
NUMBER  CF  S  IU  OCM  S  s  * 

NO I E  1  Hi T  ALL  1 1  ME  INFORMATION  IS  IN  SECONDS 


1 1 1 

(  21 

<  31 

(A) 

ISI 

(61 

SILCENT 

PRC  GRAM  MING 

KEYPUNCH 

DEBUG 

DEBUG 

OEBUG 

WAIT 

1C 

TIME 

II  ME 

RUNS 

TIME 

KEYPUNCH 

TIME 

T  IHE 

a . 

120  0. 

12  00. 

2. 

900. 

600. 

12  00. 

25. 

2100. 

1200. 

3. 

2*00. 

'  600. 

1200. 

ia. 

1800. 

1800. 

0. 

0. 

0. 

300. 

1 . 

taoo. 

1200. 

1. 

bOO. 

120. 

300. 

NCI  E  THAI  I  HE  NUMBER  9191  IS  i,  CODE  10  SIGNIFY 
THAI  NO  0414  SUPPLIED  FOR  THIS  INSTANCE 

STATISTICAL  RESULTS 


NCTE  THAT  TOTAL  PROGRAMMING  TIME  IS  NOT 
Of F INEO  IF  THERE  IS  NO  DATA  fOR  EITHER 
PROGRAMMING  TIME  OR  FOR  DEBUGGING  TIME 

AVERAGE  PROGRAMMING  TIME  «  1725.  SECONDS 

AVERAGE  DEBUG  TIME  *  975.  SECONDS 

AVERAGE  PROGRAMMING  TIME  »  AVER 4GE  OEBUG  TlMf  *  2700.  SECONDS 


AVERAGE  RANGE  PERFORMANCE  VARIANCE  STANDARD 


RATIO 

OEVIATJON 

PROGRAMMING  TIME 

1725. 

900. 

1,8 

0.1068BE 

06 

327. 

KEYPUNCH  TIME 

1350. 

600. 

1.5 

0.67500E 

05 

260. 

OEBUG  RUNS 

2. 

3. 

3.0 

0. 12500 E 

01 

1. 

DEBUG  TIME 

V  5- 

2*00. 

***** 

0.7S1BBE 

06 

88*. 

OEBUG  KEYPUNCH  TIME 

330. 

600. 

600.0 

0.7*7  OOE 

05 

273. 

WAIT  TIME 

75  0. 

900. 

*.0 

0.202  50E 

06 

*50. 

TCI  l°ROG*DEBUGI TIME 

2700. 

2  700. 

2.5 

0.11250E 

07 

1061. 

NCTE  THAT  ALL  TIMES  ARE  IN  SECONDS 


NC I E  f HA T  IF  THE  MINIMUM  OATA  ELEMENT  IS  0*  THEN  ONLY 
IN  THE  CALCULATION  FOR  PERFORMANCE,  RATIO  THE  0  IN  THE 
DENOMINATOR  IS  REPLACED  By  1 

DISTRIBUTION  OF  TOTAL  PROGRAMMING  TIME 


A  12 


I  l.  R  I K  Ah  I  1  M  if.0  M  >Ul  I  S 


PROBLEM  *  2IBI  PACt  49  IIWK  4 
NUMBER  CF  >IUOtNIS  =  Id 

NO  I  F  THAI  ALL  TIME  INFGRMAIION  Id  IN  SECuNDS 


I  1  1 

1  21 

131 

I  4  1 

<5  1 

I  6) 

SlUCENI  PRloRAMMING 

KEYPUNCH 

OErtuG 

DEBUG 

DEBUG 

MAI  I 

IC 

IIME 

1 1  ME 

RUNS 

r  ime 

KEYPUNCH 

I  IME 

T  IME 

d. 

900. 

900. 

2. 

30G. 

6  0. 

1800. 

o  . 

2400. 

Id  00  . 

3. 

600C. 

4  dO  0. 

2700. 

7. 

1200. 

1200. 

2. 

1800. 

2400. 

900. 

21  . 

1  dOO . 

2  7  00. 

1. 

2400. 

900. 

3600. 

14. 

3600. 

2700. 

2. 

360  C. 

1800. 

7200. 

12. 

900. 

900. 

0. 

0. 

0. 

18  00. 

IS. 

2  TOO. 

24  00. 

2. 

1800. 

900. 

1B00. 

1  7. 

3600. 

3600. 

3. 

7200. 

1800. 

2700. 

4  . 

2400. 

6000. 

1. 

60C. 

300. 

6300. 

22. 

2400. 

900. 

0. 

0. 

0. 

3300. 

20. 

1200. 

1B00. 

4. 

2700. 

2  700. 

9191 . 

25. 

1300. 

1200. 

1. 

1800. 

300. 

900. 

26. 

4  3  0. 

900. 

1. 

120. 

120. 

1200. 

Id. 

7200. 

24  00. 

1. 

1500. 

900. 

300. 

3. 

360C. 

IB  00. 

2. 

2400. 

1200. 

1500. 

24  . 

1400. 

1500. 

2. 

900. 

900. 

1200. 

2  1. 

2/00. 

2700. 

4. 

360C. 

360  0. 

3600. 

1  . 

3600. 

36  00. 

4. 

3600. 

3600. 

3600. 

M  IE 

1 H  A 1  Tile  NUMBER 

9191  IS  4 

COOE  10 

SIGNIFY 

IFAI 

NO  0  A I A  SUPPLIED  FOR  THIS 

INSTANCE 

STATISTIC  AL  RESULTS 

NL  T  E  IH  A I  TlHAE  PROGRAMMING  IIME  IS  NO! 
CtfINED  IE  (HERE  IS  NO  DA  IA  FOR  E 1 1  HER 
PROGRAMMING  IIME  OR  ECR  OE8UGG I NG  TIME 

AVERAGE  PROGRAMMING  IIME  *  2443.  SECONDS 


AVERAGE  CEBUG  T IME 

•  2240. 

SECONDS 

AVERAGE  PR  CuRAMMI NG 

T  IME  ♦ 

A  V  ERAGE 

OEBUG  TIME 

*  4683. 

SECONDS 

AVERAGE 

RANGE 

PERFORMANCE  VARIANCE 

STANDARD 

RATIO 

DEVIATION 

PROGRAMMING  T IME 

2443. 

6720. 

15.0 

0.23079E 

07 

1519. 

KEYPUNCH  IIME 

2167. 

5100. 

6.  7 

0.I6056E 

07 

1267. 

CIBLG  RUNS 

2. 

4. 

4.0 

0.14969E 

01 

1. 

CEBLG  I IME 

2240. 

7200. 

***** 

0 . 3  8032E 

07 

1950. 

DEBUG  KEYPUNCH  IIME 

1460. 

4800. 

***** 

0.19444E 

07 

1394. 

M4II  IIME 

2612. 

6900. 

24.0 

0.33222E 

07 

1823. 

Id  IPRf  G»OEBUGI  TIME 

4683. 

10200. 

19.0 

0 . 8091 4  E 

07 

2845. 

Nt  IE  IH  A  r  ALL  IIMFi  ARE  IN  SECONDS 

NflE  I H  A I  IE  IHE  MINIMUM  DATA  ELEMENI  IS  0,  THEN  ONLY 
If.  IHE  GAL  GUI  A I  ION  FOR  PERFORMANCE  RATIO  THE  0  IN  THE 
OL  FLMINATf'R  IS  REPLACED  BY  I 

0  I  >  II  iuUI  I  Ui  (I  IMA;  PROoKA'I.lIf.G  |  |  ML 

I  | 

- * - *-—-*-*-*-*  — i - V  -  * - - - 

♦  *  |  I  I 

M  A  A  **  average 
M  =  median 
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fCRIRAN  limn,  PCSUlfS 


PP.iUltM  t  2<E>  PAufc  SO  HMK 
NUMBER  C  f  STUDEM  1-  lv 

NOJE  THAI  ALL  11  HE  lNKJRMMlON  IS  IN  SECONDS 


( 1  1 

I  21 

13) 

<4  1 

15  I 

(61 

S  1 L CENT  PROGRAMMING 

RES  PUNCH 

DEBUG 

DEBUG 

DEBUG 

MAH 

10 

TIME 

II  ME 

RUNS 

I  IME 

KEYPUNCH 

1  IME 

T  IME 

d. 

1200. 

900. 

2. 

60C. 

300. 

900. 

6. 

3900. 

2700. 

3. 

5400. 

5400. 

3000. 

1  . 

1200. 

1200. 

2. 

1800. 

2400. 

900. 

21  . 

2700. 

1500. 

2. 

1500. 

1  86  0. 

1800. 

19. 

3600. 

2700. 

2. 

3600. 

1800. 

7200. 

S  . 

IdOO. 

600. 

0. 

0. 

0. 

600. 

12. 

900. 

1200. 

0. 

0. 

0. 

1500. 

IS. 

1200. 

2700. 

1. 

900. 

1  800. 

1800. 

17. 

3600. 

3600. 

4. 

10800. 

2  700. 

36  00. 

4. 

1S00. 

4300. 

2. 

600. 

300. 

3600. 

22. 

2700. 

1500. 

0. 

0. 

0. 

4200. 

20. 

1200. 

2700. 

3. 

1500. 

1500. 

9191. 

2S. 

1S0C. 

1200. 

1. 

1800. 

420. 

1200. 

25  • 

900. 

900. 

1. 

300. 

300. 

1500. 

Id. 

3600. 

24  CO. 

2. 

900. 

1800. 

1800. 

3. 

6600. 

3000. 

3. 

1800. 

1500. 

1500. 

24. 

1200. 

1500. 

1. 

900. 

600. 

900. 

23. 

2700. 

3600. 

5. 

360C. 

3600. 

3600. 

1. 

3600. 

3600. 

7. 

3600. 

3600. 

3600. 

NCIE 

IHAI  1  HE  NUMBER 

9191  1 S  A 

CODE  TO 

SIGNIFY 

Thai 

NO  OATA  SUPPLIEU  FOR  THIS 

INSTANCE 

S1A1I  STICAL  RE  SUL  l  S 

NCIE  THAT  IQfAL  PROGRAMMING  ((ME  (S  NOT 
./EE  INEO  If  I  MERE  IS  NO  DATA  fCiR  EITHER 
PROGRAMMING  TIME  OR  fCR  DEBUGGING  TIME 

AVERAGE  PRCCRAMPING  I IME  *  2400.  SECONDS 

AVERAGE  DEBUG  TIME  *  2084.  SECONDS 


AVERAGE  PROGRAMMING 

T  IME  » 

AVER  AGE 

QEBUG  TIME 

■  4484. 

SECONDS 

AVERAGE 

RANGE 

PERFORMANCE  VARIANCE 

STANDARD 

RATIO 

OEV 1  AT  ION 

PROGRAMMING  TIME 

2400. 

5?00. 

7.3 

0.20842E 

07 

1444. 

KEYPUNCH  TIME 

222  6. 

4200. 

a.o 

0.13009E 

07 

1141. 

CE8LG  RUNS 

2. 

7. 

7.0 

0.29751E 

01 

2. 

Cf BOG  TIME 

2084. 

10800. 

**«*« 

0.6Z950E 

<77 

2S09. 

debug  keypunch  time 

1573. 

5400. 

***** 

0.20S56E 

07 

1444. 

NA11  1 1  ME 

2400. 

6600. 

12.0 

0.26300E 

07 

1622. 

TGT IPROG*OEBUGI TIME 

4484. 

13500. 

16.0 

0.11581E 

09 

3403. 

NCIE  (H  A I  ALL  IIMES  ARE  IN  SECGNOS 


NCIE  THAT  IF  THE  MINIMUM  DATA  ELEMENT  IS  0,  THEN  ONLY 
IN  (HE  CALCULATION  fOR  PERFORMANCE  RATIO  (HE  0  IN  THE 

CFRCMINATOR  IS  REPIACEO  By  1 

DISTRIBUTION  OF  TOT  4L  PROGRAMM  !NG  TIME 
- **-_ *_*__,*_  * - *,J. - , - * - * _ , _ 

*  *  *1  '  * 

*  jyj  A  A  -  average 

M  ■  median 
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APPENDIX  B 

ANALYSIS  OF  VARIANCE  RESULTS 


Bi 


•i  c  r  *  t 


R  Dili 

Cll  .1  =  ti  ft  r  J  Li  P  NUMBER  CUL.2'SIU0EW  NUMBER  WITHIN  CRDJP 


CCL 

.3* 

K-PHOBL  EM  NUMBER 

COL  . 

4  -K  — 

PRO GRAM  3 1 NO 

I  IME  C01  .5 

'K-Uf.BUG  riME 

CCL 

.6  = 

f-prcblem  number 

COL  . 

7  'F- 

PROGRAMMING 

TIME  CuL.S 

'(--KEYPUNCH 

TIME 

CCL 

.9  ' 

number 

Of  debug 

RUNS 

CiU. 

lO'F-OEdUG 

11  ME  COL 

.11 

'DEBUG  KEYPUNCH  TIME 

CCL 

.12 

'WAIT 

r  IME  FOR  RESULTS 

<  11  (21(31 

14) 

151 

161 

1  7) 

181 

191 

(101 

(11) 

1121 

l 

l 

2 

60. 

3. 

1 

600. 

600. 

2 

1300. 

120. 

2700 

1 

2 

2 

90. 

0. 

1 

300. 

240. 

‘0 

0. 

0. 

1200 

1 

3 

2 

9C0. 

0. 

1 

660. 

300. 

0 

0. 

0. 

0 

( 

4 

2 

60. 

0. 

1 

3600. 

600. 

0 

3. 

0. 

0 

1 

5 

2 

120. 

0. 

1 

7200. 

9191. 

0 

•3. 

0. 

0 

1 

6 

2 

6C0. 

3. 

1 

1203. 

1203. 

2 

603. 

600. 

1300 

1 

1 

2 

2S  . 

15. 

1 

63  . 

9191. 

0 

0. 

0. 

0 

l 

6 

2 

50. 

0. 

1 

300. 

300. 

0 

0. 

0. 

1600 

1 

9 

2 

120. 

120. 

1 

1600. 

1500. 

0 

0. 

0. 

0 

1 

10 

2 

240. 

0. 

l 

900. 

900. 

0 

0. 

0. 

0 

2 

l 

l 

150. 

0. 

2 

300. 

600. 

0 

0. 

0. 

600 

2 

2 

1 

90. 

0. 

2 

420. 

1200. 

0 

0. 

0. 

600 

2 

3 

1 

120. 

120. 

2 

300. 

300. 

0 

0. 

0. 

630 

2 

4 

l 

120. 

63. 

2 

300. 

180. 

1 

90. 

60. 

2700 

2 

5 

1 

2  40. 

60. 

2 

4BQ . 

600. 

0 

0. 

0. 

1230 

2 

6 

l 

120. 

120. 

2 

300. 

600. 

2 

30 0. 

300. 

3600 

2 

7 

l 

iaoo. 

900. 

2 

3600. 

9191. 

0 

0. 

0. 

0 

2 

8 

l 

300. 

300. 

2 

303. 

600. 

0 

0. 

0. 

0 

2 

9 

1 

i  ao. 

300. 

2 

300. 

180. 

0 

0. 

0. 

1500 

2 

10 

1 

i  eo. 

120. 

2 

300. 

600. 

0 

0. 

0. 

0 

NUMBER  OF  STUDENTS'  20 
CfVIDED  EQUALLY  INTO  2  GROUPS 


ALL  TIMES  ARE  IN  SECONOS 


THE  OAT  A  ELEMENI'9191.  OR  91  SIGNIFIES  THAT  NC  ACTUAL  DATA  SUPPLIED 

ICIIL  PROGRAMMING  TIME  (INCLUDES  0E8UG  TIME! 

PROBLEM  l  K-LANGUAGE  F-LANGUAGE 
ISO.  2400. 

90.  300. 

240.  660. 

I dO.  3600. 

300.  7200. 

240.  1600. 

270C.  60. 

600.  300. 

460.  1600. 

300.  900. 

PROBLEM  2 

60.  300. 

90.  420. 

900.  300. 

60.  390. 

120.  430. 

600.  600. 

40-  34C-0* 

so.  juo. 

240.  300. 

240.  130, 


B  1 


MEAN  PROGRAMMING  II  ME 

(TOTAL)  OF  EACH  PROuLfcM-L ANGUAGE  COMBINATION 

K-L  ANGUAGE 

F-L  ANGUAGE 

FRGBLEM  1 

528. 

1902. 

PROBLEM  2 

240. 

699. 

S  7 4 ROAR 0 

DEVIATION  (PROS.  TIME  1  OF  EACH  PROBLEM  LANGUAGE  COMBINATION 

K-L  ANGUAGE 

F-L  ANGUAGE 

PROBLEM  1 

738. 

205  T . 

PROBLEM  2 

273. 

972. 

$1*  0.102 355 7E  09. 

S2*  0.4442586E  OS 

S3*  0. 367 751 OE  09 

S4*  0 • 3393309E  08 

S5*  0.293 7539E  08 

S6*I0IAL  SUM  OF  SQUARES*  0.T398029E  os 
S7*RITHIN- CELLS  OF  SQUARES*  0.5792982E  OS 
SB*RONS  SUMS  OF  SQUARES*  0.5557696E  07 
S9*CCLUMNS  SUM  OF  SQUARES*  0.8399712E  07 
S10*1N1ER ACTION  SUM  OF  SQUARES*  0.20930SAE  07 
MSUC*  0. 1 609161E  07 
PROBLEM  Flli4(L-lll>  0 . 3 AS378AE  01 
LANGUAGE  F  (1.4(1-111*  0.S219933E  01 

4IL-11*  0.36 OOOOOE  02 


B2 


5EI»1  . 

IwCIUMI  Eu  OEuUG 

TIME. 

♦ 

INCURRED t 

PKCGRAM, 

M 1  (■* O  R  ER  f. 

f-KI 

RAW 

DAI  A 

CLL 

.1  - 

GRPUF 

NUMBER  CCL .2 'S 1 UDFNT  NUMBER  HUHIN  GROUP 

C  CL 

.3 'K-PRGBL EM  NUMBER 

CClL  . 

4  =  K- 

PROGRAMMING 

TIME  COL.  5 

'K- 02  BUG  TIME 

CCL 

.6* 

F-PRCBLEM  NUMBER 

CCL. 

7 -F- 

PROGRAMMING 

T  1ME  COL  .8 

=F-KE  Y  PUNCH 

TIME 

CCL 

.9- 

NUMBER 

OF  DEBUG 

RUNS 

COL  . 

10'F-DEBUG 

TIME  CuL 

.11 

'DEBUG  KEYPUNCH  TIME 

CCL 

.12 

'WAT  T 

TIME  FOR  RESULTS 

111(21131 

CM 

15  1 

(61 

I  71 

181 

(  9| 

(101 

(Mi 

1 12) 

1 

1 

2 

60. 

0. 

1 

600. 

600. 

2 

1800. 

120. 

2700 

1 

2 

2 

90. 

0. 

l 

300. 

240. 

0 

0. 

0. 

1200 

1 

3 

2 

9C0. 

0. 

1 

660  . 

300. 

0 

1  32. 

0. 

0 

1 

A 

2 

60. 

0. 

l 

3600. 

600. 

0 

1800. 

0. 

0 

1 

5 

2 

120. 

0. 

1 

7200. 

9191. 

0 

3600. 

0. 

0 

1 

6 

2 

6  00. 

0. 

1 

1200. 

1200. 

2 

600. 

600. 

1800 

I 

1 

2 

25. 

15. 

1 

60. 

9191. 

0 

30. 

0. 

0 

1 

8 

2 

50. 

0. 

l 

300. 

300. 

0 

150. 

0. 

1800 

1 

9 

2 

120. 

1  44. 

1 

1800. 

1500. 

0 

0. 

0. 

0 

1 

10 

2 

240. 

0. 

1 

900. 

900. 

0 

0. 

0. 

0 

2 

1 

1 

150. 

0. 

2 

300. 

600. 

0 

0. 

0. 

600 

2 

2 

1 

90. 

0. 

3 

420. 

1200. 

0 

210. 

0. 

600 

2 

3 

1 

120. 

120. 

2 

300. 

300. 

0 

0. 

0. 

600 

2 

4 

1 

120. 

60. 

2 

330. 

iao. 

1 

90. 

60. 

2700 

2 

5 

1 

240. 

60. 

2 

480. 

600. 

0 

0. 

0. 

1200 

6 

1 

120. 

120. 

2 

300. 

600. 

3 

300. 

300. 

3600 

2 

1 

1 

1800. 

1800. 

2 

3600. 

9191. 

0 

1300. 

0. 

0 

2 

8 

1 

3  CO. 

360. 

2 

300. 

600. 

9 

60. 

0. 

0 

2 

9 

1 

1  80. 

300. 

2 

300. 

180. 
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..f  l lie  loacf  t.nnl  eipial-  o.  .mJ 
upper  litnii  e (press: nn  should 
f  not  e\  i  red  the  corresponding 

.  f  *  arm*  <if  the  sum  »>mh.d  }i,r 

/  \  operand  of  the  *«!•■  should  be 

r’T  J  outside  the  aimin'1 


‘i  *£  *u  *c.r  7 T 

1.>E 


DIMENSION  A  (N.M). 

I  hi*  indu  ales  |Kal  A  lltlt  lAi  llbt  'Ml  I1  arra\ 

DIMENSION  B  40.  1. 30.  o  f>0.  50). 

SPIICUI.  VABIARI  FIS)  .DIMENSION 

SPECIAL  VARIABLES  TEMPERATURE.  HUMIDITY  PRESSURE, 
COUNT.  cSi.(U  200),  -tv  10. 

1  '’fl-B  is  used  in  thr  same  manner  a*  01  Aft  ASI0^  atif  ‘•I’)  f  IAI 
\AR1\R1  KSe««-rpl  that  the  mrl  listed  arrai*  are  stirred  •  a,pr>  srnw 
UPPER  C.  *ElCHT  56.  K  ,J0  30). 


rm.nal  ‘t.g  .  •*>  n  .  I  he 
■  be t m r .  n  i h r  'm. 

.  . .  ..  .r«  tbr  in 

•  i*  .  '  •  »'  I  ‘  Ift  fnr>. 


FOR  ■  5.  2,  . 
FOR  .  Si  1C  '55 
rjp  *).  5 


C  a  .B  FROM  l  TO  10. 

FROM  .  1  TO  1C  COMPUTE  A,  8. 


“UtV,  OCLf1' 

DO  STATEMENT  5  FROM  j  I  TO  10 

I  hi*  mil: •  ate*  that  ail  statements  up  l'>  but  na  n  •  tuning  .  » •!!  hr 
eseiutrd  'Ah  |«,n  |  .4)01*  statements  •huuld  leinunatc  at  lli»  *arnr 
statement  number  Olliers'*'  ant  number  of  !  (Of*  pn.erfijn  »  within 
•*»  asternal  other  l  IJtlP  [so.  rdures  '*  perm* tied 

FROM  WITHIN  AND 

FOR  G  0.5.  ...  90  WITHIN  r  I  TO  10  AND  «»  l  TO  5  LOOP  TO 
FORMULA  6. 


)h»  loop  |„  he  prrfnenird  m.ist  'iftei 
the  last. 


•ne  the  lend  nlten  •» 


READ  READ  CARD  READ  CARDS 
READ  A.  FROM  .  1  TO  A,  15. 

f  ard  Formal  is  free  lirld.  namher  of  dat-i  purnts  «:i 
raed  and  mat  he  tr  either  ftsed  nr  floating  t'-itnl  f-» 
READ  X. 

REAO  A.  .  B..,PR0M  •  E  UNTIL  A  93.643. 


Ilata  n.ii'  he  pui.ired  into  .  ard*  ir  'hr  fitlf.iHtrg  'tut 

;  • :  i.'i'tb  m.:h  -f.w*  .•  'hi  ji  : 

’.  ni  j  ;.‘«.n>-Ji  'I  i.i •’ 

I  ai  h  datu«  should  he  sr^.aratid  bi  ai  Ir.isl  on.  i  i.i  .■  1 
>  aiue  should  he  within  *  10'**  and  not  e\  red  i  im  sign 


Thraa  AltaraaPp  P*r«Hrla»ian»  Of  The  Sam*  Prsb's 


001  'i  ZVhuilzlUJ  10  DDQ 


Cl 


PRINT  x  .4  Y.iA  B.  Z.  S»N."  •  Y.  FOR  <  ).  2  N 

PRINT  l  ►'  4  a..  *  g.a;. 

PUNI  m  f  F  .4-B-.  X  C-a; 

A  .!■>  .  It  .ti  r  ml.  *rrs  briwrru  II  ind  •*  b«l»  Itlria  «nm  m.ii  f»>rfd  M.  b 
■in.!  A  •>  1 1  •  Sr  [.nnlr.l  ■  •  ■ .  .uj  |ium  hrd'  vktlli  \  |>Ui  r>  I-  itii’  irfl  (fir 
df  I .»i  I'-nnl  .Iiul  U  1*1.1.  i1*  III  ihr  rigc.i  1  Si-  \jlur  ■*(  l.  .in.i  .  ml:  Sr 
|ifti'l*,'l  hi  .  .all)  Si-ii  I  da  ,m  I  fat  a*  ^cr  ■  '*t  \  t-liti  rs  («  hiI!  It  il"rrd  in  \. 
I  .  .111*1  /,  ti.l  Si-  |*iintri(  1 ‘>i  .  .it.l  I'dD-  ki-il'  >■■  f  1 1 • .« i > - 1 a(  >  >i.n 

fS's1  >  E  ia.B'CS. 


-i»  •«■-  f  i'  i  pi  llMl  V  i>  lit>i  divided  bi  10'  In  .  h.n  it-,  i.injir 
In  •  |  >''ii  .uln«i  nl  .■  iii.itiinuit  it  fl  «•  tfarrai* «.*.%  um  Mint  j  t.ijnk 
1.,-im-i'i  .1  ,-,n  atv  dl'naed.  b.4ih  in  irnlnrd  in  4  l*i  |.»*ili.>n  tiflit 

p«;nt  Isabel  a  count,  x.y.  sigma  ,ji. 
print  label  label  heading  print  heading 

t  .*■  1'  ..it1*  i  v  ,  .ii ,il n!  Ill  . .. iiu'i j n.  hi  4  t’HIN  I  I  A  Kb  I  nldli-nirnl  -i^i. 
t'i*..t  V  -»'.ia:  1 a- •  .1  ft  l.itn  ik  jmt  si.ilr  ,nr  nl  >*i  l.rfnnllral  .i*'-l  si: ■  >11  i-t 

,.*HI4|||  •nil  I  sr  *  .1:  .1  :..s  ,is.-.|  .HI  lllf  Si(^l  s.irr.f  j  >t  I  f»  1 1*« 

|l'  b’RfA  I  1  4>MMAI  >i  in*.,.,  iii  .ji.ii  Sr  il-ki-'t  wSrn  il  in  drvir.l  :•  ..  a 

nlfi'ii*  .!'*• I  iiikuHii  >n  '  .  '  aa .  i..if r  ih.iii  It  dn»weis  |-i'i  imr 


PR. NT  J  JRmaT  «  t  (  .  X  G- 
FORMAT  -  tk.L  I  ...»  LLl ..  L  ...a  ,. 

■  i'  . . a!' •  *i  >»('  I-*  i>  .i  ••  >  ill  <kMii4»  tnr  4nv  !itrr-»ls  llidl  .iir 

jiint.iSr  -in  lli*  kith  *(>*•'•}  ||| ml*-'  Niijti'  i  s  die  u»rj  Irn.tr  |hr 
■iiio.it  jt.»siiioii  dinii  "ji-iS*  ..t  .limit's  •'{  Irn-.i  (..ini  .pidpulifa  nhilr  .•«<■ 
sniofl  a  i*  u*k«*»l  tnf  fd'  h  t!.'dli/>|(  p.iini  ifu-anlal*  |'hr  liast  srl  .»t  »'s 
denulfn  iKr  :'i»»i  raprrnsi.it,  ri|u4Hni|  V4fi4blf  nirnln.nrj  u.  Ihr  l *111 N  I 
H1HUA  I  aldirnifnl,  (hr  >r.  .afi.1  ktl  »/  a  •  lrn»lr*  |Kr  an  inj  uprf  s. 
»i"n  'l'  1  l ’H\l  \  I  s'Jirinrnls  .vj.  Sr  dlrd  dP*«hMf  in  4  far  *aft> 

PRINT  FORMAT  12.  SIN  ",  .A.  !®°"  FROM,  \  TO  N. 

FORMAT  12  ANGLE  RADIANS!  y  SIN  THETA  ».«u*  ANO  THE 
ANGLE  IS  a. .  DEGREES. 


H  ".  b”  )  |hrn  H*«*  t  i‘i. inina  aaoglii  hr  ,'nnlrd  <m  |St  Sifih  aprrii  pnntrr 

w«.t  i  mm  aw  :  m\  nil  m  smj  nib 

WM  b  ir.OH.MHs  " 

Slew  N  iPr.nr*.  popor  apa<«4  N  Ii«m») 

SLEW  [JTOiTOPl  ■  Popor  •  i II  odvonco  »o  top  ot  pogo ' 

M»H»4([rs  .,i,  tSr  Ikprnrilrr  of  pnnin  4»r  f.nntrd  nom*  thr  l  .ll'.nint  1' *•«* 


TYPE  NEGATIVE  SQUARE  ROOT 

PRINT  MESSAGE  END  OF  PROGRAM)  AND  SLEW. 


IFF  G  THEN  GO  TO  STATEMENT  ». 
IF  F  G  GO  TO  STATEMENT  I. 

IF  F  G  THEN  B  C  E. 
iff  C  THEN  READ.  .  . 

IFF  G  THEN  CONTINUE. 


IF  F 


G  Then. . . 


'  ELSE  I.  I 

j  OTHERWISE^  ) 


E 

GOTO 

COMPUTE 


1  sr  .if  J, <  iir-a*  l-*r ins  rliiliifial.  s  lha  <«•  •  •  ssii  >  -‘I  i -  ..g  *  I H  1  * 

■kl.ilrn.rni*  l  "'nliill.il.li  *uh-*l.»t*,Tliri'(*  k.  it  tin,  on  <i-i|.(ia  .f  I  ■ 

*r ii.si.it>  -I  S>  .i  ■  ...-.ii .  AM) 

FOR.  ll'SOANDb  0  BY  2  UNTIL  Y  2000  READ  X. a. 
COMPUTE  Y  2X.  b  AND  PRINT  Y. 

FROM,  t  TO 'NF'NiTY  READ  X..  iF  X  ,  10  COMPUTE  Y  ■ 
n  n  •  2  OTHERWISE  GO  TO  STATEMENT  » 


Sij.r»*j  fij>l  a  ihni  Mr  h  J  .m  «si-.|  i  .  1-irri  imn  .  h.u  ■  1-  .«  i-nt..  ■  il  r 
mp  inii  i|irru  I  os  ra|ntnrir*  t  f..l!*miii|;  .«  .i  *)•*•■•  •  'i:'  n- 
■nmr  ihr  innaiiiitiii.  4b*.*luti  a.aiui  -»t  .1  *»  1  ■>!  ,  -.*it  1.  1  I"  s  '. 

FROM,  1  TO  100  >F  X  k*“'’TnEN  x^’^X.  ~  •* 

In  tbr  (.il|..ks mu  i"o|£i*ri i.  .  ..iimi.  ii.1s  I  ..  llif  iiii'I,.'I  "I  1  '.  ■  • 

thr  4rr«k  \  1  ,*  th*  tjj.r  «  on.t  I’  s  j t, .  .  .nil-'1  In  |i|ngi  11., 

READ  Tape  V,  T  Pl  III.  lust  I  .  . .  .f  IS.  14, . 

rr.nl  .III  ■  •  .ns  1  .  \  , 

WRITE  TAPE  V  7  P.  5.  I  . . .  \#  Jf.  v 

REWIND  T  P  R*D  T.  P 
WR-TE  END  OF  FltE  T.p  FOFT.P 
F  END  OF  FilE  P  Th[n  If  EOF  P  GO  TO 


In  l Ii r  |..:l..nuif  r  Ir  A  ,s  tt.(  .  .<ll.«|ilr  I . ■  Sr  V  is  il.r  " 

prii.lrnt  .nji-k  ,|  r  \  1  \  A  il.r  n  ■■ui'ign  ,  dint  nf  !  oiiii  H  :h 


Plot  Y.  X.  A,  B.  plot  2..  ,  0.  FROM  ■  1  TO  5&S- 


SlAt  a,  ,  t.  — ■  AtC  Pl'-T  ».  1,  -1.  1  I  “C»-  ,<I 

LArTli  y>J. 

ir  a>«  Is,  I.o-a  .*.  *.f  ..»•<-*  .-4  mKis* 

a.  ».  ow»l*.if.i  ..»*ii*i  |.Mi,  yabtJ%*'.c\  ai*  1*1.1**  * . 
o.  T,  »  »■»*  o-J  TC  r  «i  Ini*  U»  <»r  .  ;  nt .  •  Ut  I  v* 

»-o;s>9o. 

1  SO  j«l  »0  1?  a>4  ;•!  re  i;  a. 

Niai  a^.'bj,, 

fO«  l»i.  Z . 1C  14  ff«.  |k. -i  .  »  '  >4*.  •  •  mr-  •  •**, 


IT  \A»-  a •©  >>cj  cm  i  aj-s-d  1  »•»)*’  t*4*  C»**i.n 

>«  arc  M»l  »,v,  ».  .  »  ^ 

a-Jk.3  •>  .on  i*.Tii  HCSKlo  »*C  r »>•  a-»  1c  iOC 
C»KBWiSt  GC  TO  $TaTfHt>T  ?. 


,nI  HHOt  HNF  i 

,rH(X  f  lit  MF  i 


> 


IF  r 


. .  .  COMPUTE... 

>  READ  « 

S  OR  G  H  OR  SIN  *1,  -fl’  THEN  •  C-0 

)  GO  TO  FORMULA 
CONTINUE 


F  P  G  AND  H  .  2  AND  . . . 

IF  U  0  OR  IG -r  SIN  <i  AND  H  C..F... 
iF  E  F  _G  THEN..  . 


/ 

n 


OTHER¬ 

WISE 


t,  COMPUTE  A  B*2,  'IF,  ,  THEN  (IF  *  n  THEN  T  r  SIN  *t\ 
OTHERWISE  T  rCOS  »\  and  PRINT  T.  A. 

2' COMPUTE  A  B  -  2,  (IF  ,  |  THEN  (IF  m  «  THEN  T  ,StN*i 
OTHERWISE  T  r  COS  O)  anj  PRINT  t.  a. 


Hb  IT  H\  . 

. . . &!£]' 

1  hr  n4iiir  .il  »  ngtiiiiulmr  ran  hr  gn  .il|ik*ainurin  string  I  rn- 
bill  nigst  Sr |ii i,  wllh  .in  .alphaSi  t ,.  .hgrai  lot  .mil  ,  .u  rn -I  In  nli-nt 
dm  ifrin  in  ihr  .  .Xrfhul.ln  li.*i.  As  nidfl*  lib  II  Hs  *  4»  mii  .I 

msrnrit  in  Sr,inth  -igl  *f  ihr  * hIk •  -ut i n r  )*.■<  L  In  ll  a  m.i-i*  't  -ci.in 
JNl)  si.itrmrnt  «*  ia|il •< .ra.tl  A  *  I  til’  ik  (•()  7fl  si  -1  •  .  .i.  . 

To  call  o  ffocodoro 

(  AI  l  Agn.r 


[■^  Mlitll  '  ' 

[  I’MiM  b  1)1  t-l 


lai  r  .i*ar  I  I  a  am  '*  •.  I  i  -  ;  un J  m  »  n 

T  i a  Hill  I  .ampMird  nkhfn  i  r  ,  .1  nd  man 
In  (  oor  M.f  sin  1  »hrn  i  .  ,  t«/  m  n 

I  r  k-ato  W  Hhrn  ■  ,  iiwf  an  *  n 

}  i»  mil  i  iimfigtrii  «h«n  i 

G0-G0IT0I 

GO  TO  STATEMENT  20 

lk\l  Vb  as  alt  i  dual  tba-  ..li,ril  pr-ifrom  l-i  4.1  ini*>  4  l-i--,-  b  ail  .iui  -I 
ihr  l-nlp  Nil)  1  111  if  1  -Ml*  >lr  saalfa  h  N*i.  O  a*t  i.iflird 

(  nnimrnl*  '».«••  -mi  (ml  a  Mr  si  ,i«r  rnrn  (*  >  At*  rnlerrif  b.-l.krr»  !  s-.  i-. )...!* 

FROM  .  I  TO  10  READ  X.lREAD  VALUESl. 

Y  l*,||  I  .  12  I- 


R 0 lot  1  vo  Poaitiont  of  Spot  ol  Cho-m  ■•- 


n  Kit  Kb  H  ,.i..'  !  a*  A  A  IUI)  HI  \C  -  .IA  -  ,1 

1  -1  tan  In  *  t  11--.  rts  1,  tlnils..r  |  iS-ii.i'  •'  *• 

I  ....  \.  .  1  ..i 

llrk.sa-t  I  .'.I  It  !*W. 

Ih,  i  1 1 .  •  h .  k.  -  ik  4'  •  . 


lkC^ 


•  .A  'i- 


C2 


f 


) 


APPENDIX  D 
McCracken  Problems 
vs. 


Corresponding  K-M  Programs 


nbfc.  vL 

tomDiu.  subprogu  ns  u. 

,*es  passing  adjustable  dimension 
*  through  a  subprogram. 

14.  Given  single  variables  A.  B,  X.  and  L.  \v 
a  SUBROUTINE  subprogram  to  compute 
S,  and  T  from 

R  =  \/A  +  BX  +  XL 
S  =  cos  (2wX  +  A)-e»x 


/A  +  BX\L+l 

/A  +  BX\L-> 

[  2  )  - 

\  2  ) 

15.  Identify  any  errors  in  the  following, 
a.  CO*'  8(2,  K  "•*»> 


{PROBLEM  14,  PAGE  19^ 
SUBROUTINE  RST. 

R=  ^  A+BX+X1  , 

S=COS(27rX+A)eBX  ,  AND 


/*< 

L+i 

r  o 

A+BX 

r 

A+BX 

5” 

■ 

~T~  i 

•/  V- 

I 

^  J 

RETURN. 


D1 


r 


lO 
■  th 
de- 


/a.  READ:  ET,  ES.  RC.  ROPT,  RIN 
Evaluate: 


WRITE:  ET.  ES,  RC.  ROPT,  RIN,  and  F 
9.  Add  appropriate  READ,  W'"‘TE,  and  FOR- 
AT  statements  to  th'"  segments 

wrote  tor  Exem  'V 


Problem  8,  page 


SPECIAL  VARIABLES  ET , ES , RG , ROPT ,  R  I N . 
READ  ET,ES,RG, ROPT, RIN. 


1- 


i . (  RG  \2 


7TT2 


RG  s2 


(1417TN^ 


PRINT  ET,ES,RG, ROPT, RIN, E.  FINISH 


.id 


.W  • 

row,  ,  usi. 

(c)  Replace  .,ch  elem  iird  row 

by  the  sum  of  the  cT  ,ndtng  ele¬ 
ments  from  the  first  arv  second  rows, 
using  a  loop 

4.  A  two-dimensional  array  named  XYZ3  con¬ 
tains  tour  rows  and  three  columns.  Write 
separate  program  segments  to  accomplish 
the  following: 

(a)  Replace  all  the  elements  in  the  fourth 
row  by  zeros 

(b)  If  the  product  of  the  first  element  in 
the  first  row,  the  second  element  In  the 
second  row,  and  the  third  element  in 
the  third  row  is  less  than  10'6  in  abso¬ 
lute  value,  place  a  zero  in  DET. 

(c)  Replace  each  element  in  the  second 
column  by  the  average  of  the  corre¬ 
sponding  elements  in  the  first  and  third 
columns. 

*5.  A  three-dimensional  array  named  PUPILS 
contains  information  about  the  pupil  pop¬ 
ulation  ot  a  ce'”  o  school  district,  orga¬ 
nized  as  fo>‘  *>rst  subscript  distin- 

he<  '  J  girls:  I  for  - 

{PROBLEM  U,  PAGE  8gf 


DIMENSION  XYZ3=(if,3),OET=l. 

FROM  >1  TO  3  XYZ3i|  ,  =  0  . 

^  *  J 


(XYZ31,1>  (W32j2)  (XY233j3)  |  <  IQ*5 


THEN  DET=0  . 


FROM  i*l  TO  4  XYZ^ 

•'1,2 


FINISH. 


XYZ31i2  +  XYZ3^ 

'  2 


D4 


.ed  l 


-*  these  three 
'ordinates 
Monal 

jth 
j  to 

r  two- 
.  the  fol- 


DX,  -  X(l) 

i  ..,49 

Write  a  program  segment  to  perform  this 
calculation. 

13.  Suppose  we  have  a  one-dimensional  array 
named  Y  that  contains  32  elements;  these 
are  to  be  regarded  as  the  32  ordinates  of 
an  experimental  curve  at  equally  spaced 
abscissas.  Assuming  that  a  value  has  al¬ 
ready  been  given  to  H.  compute  the  inte¬ 
gral  of  the  curve  represented  approximately 
by  the  Y  values  from 

TRAP  =  (Yt  +  2Yj  +  2Y3  +  . . . 

+  2Y31  +  Y32) 

14.  A  two-dimensional  array  named  AMATR 


•iG 


{PROBLEM  13,  PAGE  90f 

SPECIAL  VARIABLE  TRAP. 

TRAP-  g  (Y1+2  U  +  r  ) 

1*2 


FINISH. 


D5 


_  Li 

.^responding  >- 

.mough  the  tour  given 

ment  oi  the  d, defences  i>  vom,  -  j- 

ent  irom  that  tn  htirlmg  s  tormula.  hoover 
•17  Given  two  one-dimensional  arrays  named 
7‘  a  and  B  oi  seven  element,  each,  suppose 
that  the  .even  elements  oi  A  ate  punched 
on  one  card  and  the  seven  elements  of  B 
are  punched  op  another  card  Each  e 
mem  value  -s  punched  m  10  columns  , n 
a  form  suitable  tor  reading  with  an  HOD 

"field  descriptor.  Write  a  program  to  read 
the  cards,  then  compute  and  print  the 
value  ANORM  from 


ANORM 


'  isl 


yse  a  1PE20.7  field  specification  tor 

m  Using  the  assumptions  of  Exercise  17.  write 
a  program  to  read  the  data  cards  and  then 
carry  out  the  following  procedure.  If  every 

1 >\.tor<-l.2 . 

I-  it  this  condition  is  not  satisfied,  print  a 


zero. 

•19.  Rewrite  the  pm 
11  to  use  doc' 
arrays. 

20.  Rewrite  * 

16  tr¬ 


im  segment  for  Exr 
ciston  variable' 

ment 


{PROBLEM  18,  PAGE  91  (ALT.  INTERP. / 

READ  Ai  FROM  1=1  TO  7 . 

READ  b1  FROM  1=1  TO  To 

X«l.  FROM  1=1  TO  7  *8  Ai«si  Tht:N 

X»0.  PRINT  X{l}.  FINISH. 


Db 


49  c  ar  an 

v.  trom 

DX(l,  rl)-X(l) 

I  =  ,  49 

r< 

3.)  A  two-dimensional  array  named  AMATR 
y  contains  10  rows  and  10  columns  A  one- 
dimensional  arrav  named  DlAG  contains 
10  elements  Write  a  program  segment  to 
compute  the  elements  o:  E>!  \G  uom 

DIAG(I)  —  AMAlKt:  n 

1=1,2 . i0 

\  one-dimensional  array  named  M  con- 
tins  20  ir  ’gers  Write  a  progra'  -°gment 
mg  •’  tfemenl  to  rer  °le- 

?r  -nultiplir 

w 


Problem  3,  page  11^' 

DIMENSION  AMATR^(i0,10), 
F0R  »-l,2,...,10  DIAG(i) 
FINISH. 


V 

narru 
the  elt 
VS. 

Th< 

eiv 


*10.  A 

rov\  s 
array  > 
15  e 
a 


DlAG-10. 


=AMATR ( I , 1 ). 


D7 


jmed  X 
program 
compute 
named 


\rR 
one- 
. tains 
ant  to 


jimei . 

ements.  Fu  ot  tt. 

ants  in  BICB  ano  .>ent  numb 

BIGB  in  \BIGB 

J  9.  Two  one-dimensiona.1  arrays  named  X  ana 
V  contain  50  elements  each  A  variable 
named  XS  is  known  to  be  equal  to  one  of 
the  elements  in  X  If  XS  =  X,,  place  Y,  in 
VS. 

This  kind  ot  table  search  has  a  wide  vari¬ 
ety  or  applications,  such  as  finding  a  value 
m  a  table  of  electric  utility  rates  from  a  rate 
code  or  finding  the  numerical  code  corre¬ 
sponding  to  an  alphabetic  name. 

*10.  A  tw  hmensional  array  A  *ains  15 
ro-  "  columns.  A  or  ;or,.--l 

15  elemer  ^e 

ne-d: 


fROBLEM  9,  PAGE  115f 
DIMENSION  X=50,  Y=50,  XS=1,  YS=1. 
FROM  1=1  TO  50  IF  XS=X1  THEN  V S=Y._  , 
FINISH. 


D8 


mon  of  a 


i.  oe  viewed  as  mu 

and  mati.  and  a  vector 

,oer  or  VVsJhree  two-dimensional  arrays  A.  B,  and  C 
en  by  ./have  15  rows  and  15  columns  each.  Given 

‘eger  the  arrays  A  and  B,  compute  the  elements 

nts  ol  C  trom 

is 

ct)  =  2  A>A|  \,i~  1,2 . 15 

k~  1 


This  is  matrix  multiplication 


as 

*12.  A  r  .\  o  dimt  r-.onal  <>rrav  named  has  20 

row  H  20  columns.  Corp¬ 

*he  prod¬ 

-ave 

us  mam  diagona1 

'll  RST 

'•ie 

■  DPROr 

r 

'a* 

^PROBLEM  11,  PAGE  115f 


DIMENSION  A«(15,15), 


3-U5,15)>  C=  ( 15 , 1 5 } 


Aik8kj 


FOR  1=1,2, 


,15 


and  J=1 ,2, ... ,15.  FINISH. 


D9 


Y4  +  \ 


7.  W, 

pi-' 


sin2  Y  +  v'TT-  +  3sin2Y 
Jetme  a  statement  tunction  to  compute 

SLC(A)  =  2.549  log  (a  +  A2  + 

Then  use  the  tunction  to  compute 

R  =  X  +  log  X  +  2  549  log  (a  +  A2  +  ^ 

S  =  cos  X  +  2.549  log 

(l  +  X  +  (1  +  X)"  + 

T  =  2.549  log  1 

[(a_B)3  +  (A-B  )«4-tx^T)3] 

U  =  [B(l)+6]2 

+  2549Io*[57I)+W+  B("! 

*3.  Define  a  logical  statement  'r'ion  to 
cor  'ute  the  "exclusive  or"  "‘tal 

v  The  exclusive 

-  of  the  ir 


Q  Problem  L,  page  194  \ 

Function  slg(a)=2.5^9  log ( A-t-A^+y) 


of  , 
A.  C 

a  Re 


R=X+L0G(X)+SIG(A), 


S=COS(X )+SLG( 1+X ) . 

T-SLG  £  (A-B)3  J  * 

u=  Q  B|  +6  212  +  SLG(^  )  . 

F I N I SH . 


DIO 


idleii. 

.arger,  place 
.id  then  com- 
nd  the  largest 

be  posi- 
hat  is 

n  to  be 
.  Subtract 
.  as  neces- 
ess  than  2rr, 
fHETA. 
set  SIGNS 
itive,  set 
t  signs. 

j  ot  three 
oca  i  ma\i 
id  V'2  >  VJ. 
o,  otherwise 


-c  the  point  » 

coofe  .id  XIMAG  he. 

within  <.  de  v'l  with  its  cor¬ 
ners  on  th  nate  axes. 

(  2yln  the  following  exercises  vou  are  to  draw  a 
flowchart  and  write  a  complete  program,  in¬ 
cluding  input  and  output  Vou  mav  use  F10.0 
held  specifications  tor  all  input  and  1  PEI  5  6 
for  all  output. 

*(a)  Read  the  value  of  ANNERN.  print  AN- 
\£R\  and  compute  and  print  TAX  ac¬ 
cording  to  the  following  table: 


ANNERN 

(annual  earning*-* 


SaX 


Less  than  $2000 
$2000  or  more  b;/ 
less  than  S50t*‘ 
$5000  or  more 


Zero 

2°-i  of  the  amount  over 
$2000 

$60  plus  5%  of  the 
amount  over  $5000 


=  0.  set 
Setwise 

.tatement 
-•r  to  state- 
a  statement 

Mement  250; 


^*<b)  GROSS  is  an  employee  s  earnings  for  the 
year.  DEPEND  is  he  number  of  depend¬ 
ents  he  claims  Multiply  DEPEND  by 
675  00.  subtract  the  product  from  GROSS, 
and  place  the  difference  in  TAXABL. 
However,  if  this  difference  is  negative, 
place  zero  in  TAXABL. 


TRANSFER  OF  CONTROL 

49 


Problem  2B,  page  itgf 


SPECIAL  VARIABLES  GROSS,  DEPEND,  TAXABLE. 
TAXABL  E=GR0SS- ( 675 )DEPEND . 

IE  TAXA0LE<0  THEN  TAXABLE=0. 


Dll 


afti^ _ 


FINISH 


pOt  ou. 

solve  this  g  an 

variable  run  i.  convert  to  t<- 

then  divide  bv  .  .  the  result  as  the 

independent  variab.e 

(el  S  is  to  be  computed  as  a  (unction  ot  X 
according  to  the  lormula 


Vs  vT+7 


cos  2X 

1  +  Vx 


for  a  number  of  equally  spaced  values  of 
X  Three  numbers  are  to  be  read  trom  a 
card.  XIMT.  XISC.  and  XfIN.  XINIT,  we 
assume,  is  (ess  than  XfIN;  XINC  is  posi¬ 
tive  V  is  to  be  computed  and  printed 
initially  tor  X  =  XINIT.  Then  X  is  to  be 
incremented  by  XINC,  and  Y  is  to  be 
computed  and  printed  for  this  new  value 
ot  X.  and  so  on,  until  Y  has  been  com¬ 
puted  tor  the  largest  value  of  X  not  ex¬ 
ceeding  XFIV  (The  phrase  “the  largest 
value  of  X  not  exceeding  XFIN"  lets  us 
ignore  the  problem  presented  in  the  fast 
two  exercises  However,  this  formulation 
does  mean  that  if  the  data  is  set  up  with 
the  intention  of  terminating  the  process 
with  X  exactly  equal  to  XfIN  it  may  not 
do  so.) 

1.  In  the  following  exercises  the  emphasis  is  on 
trying  to  devse  decision  processes  •  m 
than  on  con  Mions.  Draw  a  flow 

x  GUIDE  T'  ""OGRAMV 


s. 

sqi 

LINE 

yc* 


Si 


b 


iPROBLEM  2E,  PAGE 

SPECIAL  VARIABLES  XINfT,  XINC,  XFIN 
READ  XINIT,  XINC,  XFIN. 

FROM  X=  X I  N I  T  BY  XINC.  UNTIL  X>XF  i  N 


PRINT  Y=  -  /  1+X  + 

V 


FINISH 


D 1  2 


APPENDIX  E 
K.-M  Examples 

(Programs  as  Compiled  and  Executed) 


APPENDIX  E 

The  following  20  pages  are  the  K-M  example  set  give  to  studen 
the  initial  lecture. 


Eii 


0- 

FPOM  3Y  2-5  UNTIL  i>  60  PRINT  1  {2-4 


FINISH. 


saeie  moM  i-a  Br  8.5  wtil  i  greater  than  or  ecuaiito  «« 

30020  FINISH  ^ 

* 


97777 

X14-3. 14159805 

X1S-8. 7188818 

FORMAT  (El 4. 8) 

90002 

XS7-8. 

01 »<  0»8 . 51 /AB3F( 0) 

GOTO  90001 

XS7>XS7*8.S 

90001 

IF( (X57-<60. ) ) 190004.90003.90003 

90004 

P1«XS7 

900  05 

FORMAT  (F10.8.4X) 

90003 

WRITE  8. 90005. PI 

GOTO  90008 

CONTIN0E 

END 


8.00 

4.50 
7.00 

9.50 
18.00 

14.50 
17.00 

19.50 

88.00 

84.50 
87.00 

89.50 
38.00 

34.50 
37.00 

39.50 
48.00 

44.50 
47.00 

49.50 
58.00 


54.50 
57.00 

59.50 


*  \NUte  etor  ~~  K  * 

Corf* tJrtJ-  — 

$~-i  oy«-'^ypWv^  <  fL_ 

cW»i^ — 


>o4e  -i 


12, f  >v\t  V 


PltfMTf  I(8e 


I 


E2 


PRINT  X,P.  PlKiSH. 


bWU  MAXIMUM  N-85 

seeee  .  bead  n 

* 

S0030  A  SUB  <I>«I  FROM  1*0  TO  N 
S0040  BEAD  X 

S0050  P-SUM  WITHIN  <M»l«0*  OF  (A  SOB-  t l >*X  SAISFC  TO  (I>> 

S0060  PRINT  X.P 
S0070  FINISH 


DIMENSION  xal(«02«i 
X14-3-1415986S 
XtS-ft. 7188010 
A 7777  FORMAT  tEIA.8) 

READ  1.9777T.X7S 
•S7-0. 

ai-ta»i«>/ABsrro> 

SOTO  MHt' 

90008  X3?«X97*|.  ’  • 

9000t  IF(  (X72*X57>*01  >90003*90004*  MONA 

90004  X2XH»X57«-1.>-XS7 

SOTO  9000ft 

90003  READ  I*9f77T#X*T 

XA7»  SOKXS?»0««  SU*ttX5T*X7»>»li»X8KH«X57*».>»X«7T<X57V> 
PI«XS7. 

P*-XA7 

WRITE  2,97777. PI -Pk 

am 


<NPUT  10  IS 

.  1 0000000 ♦ 00 

X 


W„te  tW  .  +W  >S  .Vf** 
wWftV-  Wa^vjV«s..  for  h  X 


•11S83S61*IS 

P 


E3 


"'••Pl.T  ;■  = 


AND  m I  NT  rOSMAT  1,  y , z 


-If  INTFGPAl  FRO'v  0  TO  x  IS  XXX.  XXX  APPROX  IMATFLY 


FINISH. 


50010  FROM  Y«1  TO  6  COMP0TE  Z-INTEQBAL  WITHIN  CY.X>0>  OF  (X)  AUDI 
PRINT  FORMAT  I.Y.Z 

30020  FORMAT  1  THE  INTEGRAL  FROM  0  TO  X  IS  XXX. XXX  APPROXIMATELY  I 
S0030  FINISH 

fJtW-.  Wv. 

fXi  4l"  U 

XIA«a.lAl«9CAS  >  .*■ 


!a  .*  F  r"* 

i  i, . .  . —  : H  w  ,,rv-“ 


XI  4s  3.141 59265  1  "  >  jr 

X1S-8, 7188810  0J-S.'Jt  0~» 

97777  FORMAT  <E14.0>  -  JJ  . 

xioi-t.  ■■ 

01»<0-1.J/ABSF<0)  I  .  rw 

GOTO  90001  a 

90008  X 1 0 1  “X 1 0 1  ♦  1  •  lj~  *"  w 

90001  IF<  <6.*XI0I  1*01  >90003. 90004. 90004  O'. 

90004  XI08*XINT<X100-0..XINT1<X100.XI01>.U-X100) 

PI-X101 

P2-X102 

WRITE  8. 60001. PI. P8 
GOTO  90008 
90003  CONTINNE 

60001  FORMAT  (0084H  THE  INTEGRAL  FROM  0  TO  .II.0004K  IS  .F7.3.00I7H  -f 
APPROXIMATELY  ) 

END 


THE  INTEGRAL  FROM  0  TO  1  IS  .500  APPROXIMATELY 

THE  INTEGRAL  FROM  0  TO  8  IS  8.000  APPROXIMATELY 

THE  INTEGRAL  FROM  0  TO  3  IS  4.500  APPROXIMATELY* 

THE  INTEGRAL  FROM  0  TO  4  IS  0.000  APPROXIMATELY 

THE  INTEGRAL  FROM  0  TO  5  IS  18.500  APPROXIMATELY 

THE  INTEGRAL  FROM  0  TO  6  IS  10.000  APPROXIMATELY 


E4 


AT0M=5.  PRINT  ATOM.  FINISH. 


A  7~  ••'  -  1 

seeie  a*t*'o*m«s 

*  • 

S00?0  PHUT  A*T*0*H 
S0030  FINISH 


/ 


J>/  »"?  A.  »..•' 


X14-3. I41S926S 
XIS*8.7I68B16 
97777  FORMAT  (F14.8) 

X81*X63*X46«X44»5. 
P I “X8 I *X63*X46*X44 
WRITE  8.97777. PI 
ENE 


acEDODDErcEcrcDEEcrErrtDrrEDECDtrtrcEErcrrrttcrrrcrrTrrrrrrrrtrrrrrrrr 


4 


i 

t 


i 


*  v-  < 


.1  t.'  '  c  >’Purr  2=  /  ' ,  ■  ■  a\o  ;r  1  Gl  s  •  ?  tht^  *v  int  y , 


■  r. i  ‘  ■ . 

50010  HEAL  C  SUP  <I)  FROM  l±l  TO  10  ££  \J  -f  )  ©  A/  1  Of  JL 

S0020  FROM  X=-5  PY  -1  TO  3  COMPUTE  Q-SUM1WITHIN  (10.1-1)  OTUCtSUP  ( 
I ) *X  RAISED  TO  (I))  AND  IF  ABS<0>  LFSS  THAN  OR  FOUAL  TO  .5  THFN 
PRINT  x.c 
S0030  FINISH 


TIKLNSION  X23C001 1  > 

X14-3.141S926S 
XI 5-2. 7188810 
97777  rOKMAT  <F14.8> 

X57-1 . 

El-( O-l . > /ABSF( 0) 

GOTO  90001 

90002  X57-X57 ♦ 1 • 

90001  IFC ( 10.-X57)*OI >90003.90004.90004 

90004  HEAD  1. 97777. X23<  I  1-X57M  .) 

GOTO  90002 

90003  X67--5. 

0C-<O-.1)/ABSF(O> 

GOTO  90005 

90006  X67-X67* . 1 

90005  IF<  <  3.-X67 )*02  >9000  7.90010.90010 

90010  X50-  SUM( X57- 1 . »  SUM1(X57.10.>. W-X23C I1»X57*I.>*X67»<X57>> 
IFC  ABSF ( X50 >  -(Rl-C .5) > >90011.90011.90012 

90011  P1-X67 
P2-X50 

WHITE  2. 97777, PI. P2 

90012  GOTO  90006 

90007  CONTINUE 
END 


INPUT  2  7  3  9 

-.40000000*00 

-.30000000-00 


6  7  5  5^  ~r*  ~ 

000-00  .35547382-00  ' 


.21859741-01 


-.20000000-00  -.12963620-00 
-.10000000-00  -.13210451-00 
-.23719621-08  -.47439244-08 
•99999997-01  .27391680-00 


see  10  read  c  sue  tn  from  i«i  to  i f 


E*£C\jriOH  3  OF  a 

seeee  from  x*-5  et  .1  to  3  comfutf;o»sum  within  110. i*n 
I>*X  RA1 SET  TO  (I)>  AND  IF  AES(Q)  lfss  than  or  foual  to  • 
print  x.a 

S0030  FINISH 


DIMENSION  X23C001 I ) 

X 14-3. I  41 59265 
X15*2. 718281? 

97777  FORMAT  <F14.6> 

X  57*  1  . 

ai*<0*I.J/ABSF«C» 

GOTO  90001 
900A2  X57*X57* 1 • 

90001  1 F< < 10.-X57>*OI >90003.90004,90004 

90004  READ  1,97777. X23<  1 1  *X57*  1  •  > 

GOTO  90000 
90003  X67«-5. 


ae-te-.i >/absfcq) 

GOTO  90005 

90006  X67»X67*-1 

9000  5  IFf<3.-X67>»02  >90007, 900 10,90010 

90010  X  50*  SUM<X57-1..  SUM1  <  X57,  1  0  .  >  ,  W-XP3<  I  1  «X  57*  1  , 
I  Ft ABSF<X50>  -<Rl-< .5) 1 >90011,90011,90012 

90011  E1«X67 
P2-X50 

WRITE  2, 97777, PI. PC 

90012  GOTO  90006 

90007  CONTINUE 
END 


r-0  -f 


Jt 


'.*0000000*00 
-.50000000*00 
-.40000000-00 
-.30000000-00 
' .20000000-00 
-.10000000-00 
-.23719621-08 
•99999997-01 
.19999999-00 
.29999999-00 


•38971699-00 
.26125000-00 
•19623936-00 
.12249988-00 
•  61 1  1 1211-01 
•17355371-01 
•11252409-16 
.23456768-01 
.11249945-00 
.31221596-00 


RJote  . 


>*X67»(XS7>  > 


C 


f  v  ’  BY  v.r>  TO  ?•»  F’?lf,T  q=?x?+7x\ 


r  i  n i sh  . 


S8010  FROM  X-3  BY  0-5  TO  13  PRINT  Q»3*X  RAI  SET  TO  <8)*7*X 
RA1 SEC  TO  (3>-19 
S0020  FINISH 


X14+3*l4l59265 
XI 5= 2*7182818 
FORMAT  <  F 1 4*8 ) 

Xe7«3* 

Cl»(e-0.5> /APSF<  Q > 

GOTO  90801 
X67«X67+0*5 

IF<  (■!  3  •  -X67  1  *Q  1  190003  #90004  #90004 

P1+X50*3**X67»(2.1+7**X67»(3*1-19* 

WRITE-  2. 97777. PI 

GOTO  90002 

CONTINUE 

ENT 


*  19699999*03 

*  3 1787499  +  03 

*  47699999  +  03 
*67962499+03 
.93099999+03 
•12363749+04  > 

*  16009999  +  044 

.  2528V^HSi 

*31028/49+04 
*37669999+04 
*44966249+04 
.  63269999  +  04 
*62533749+04 
.72809999+04 
*84151249+04 
*96609999+04 
.  1  1023874  +  05 
*12508999+05 
*14121624+05 

*  1 5866999  +  05 


Qu.4 


MAXIMUM  n=30 

WAD  n. 


A  =1  FROM  1=0  TO  n.  RF AD  X. 


n 

p  ini  = 


1=0 


V 

Z 


A^X 


1 


PRINT  ri.  PRINT  FORMAT  1,  n,x,P. 

rrpMAT  i  THr  polYNOMIA1  OF  DFGRFf  x  ,  ARGUMENT  xx.xx  ,  -  xxx.y.xx 

FRO*  1-0  TO  n  PRINT  1  #  ,  A  . 

r IN ISH. 


MAXIMUM  N*  30 
5  002?  REAt  N 

b  0030  A  SUP  <I)  =  I  FROM  I»0  TO  N 
S00A0  R FAT  X 

S  0050  P«SUM  WITHIN  <N.I«0>  OF  (A  SUP  (I)*X  F  A I  SFT  ’  TOt  <  I  J  1 
S0060  PRINT  p.N 
S  0070  PUNT  FOFMAT  l.N.X.P 

S0060  FORMAT  I  THE  POLYNOMIAL  OF  T  FGFFF  "•  X  ,  APGUMFNT  XX  .XX  ,  t.lXXX.X- 
XX 

S  0090  FROM  1=0  TO  N  PRINT  I<P).A  SUF  UI<P) 

S0100  FINISH 


E9 


Cl  MENS  I  ON  X21<0«31  > 

X14-3. 14150265 
X l 5*2*71628 l 8 
97777  FORMAT  (E14.S) 

READ  1. 97777, X72 
XS7-0. 

Ql-C C-l * > /ABSF ( Q ) 

6OT0  90001 
90002  X57-X57+I. 

9  0001  IF<<X72-X57>*01  >90003,90004.90004 

90004  X21<It»X57*l.)«XS7 

GOTO  90002 

9  0003  KEAE  l,97777,X67 

X47-  5UM<XS7«0.»  SUW1< X57,X72  > ,  W-X2H  1 1 «X  57*  1  .»*X67 1  (  X57 >  > 
PI-X47 
P2«X72 

•KITE  2,97777. PI, P2 
Pt*X72 
P2-X67 
P3-X47 

WRITE  2,  60001.  PI.  P2.P3 

60001  FORMAT  C  0025HTHE  POLYNOMIAL  OF  ErtJFFr  *  I  1, 001 2H  ,  ARGUMENT  ,F5, 
S.0005H  ,  -  .  F7«  3, 0000H  ) 

X57-0. 

02-C 8«1 .J/APSFC 0) 

SOTO  90005 
9  0006  X57-X57+1. 

9  0005  IF< <X72-X57)*a3790007» 90010,90010 

90010  PI »X57 

P8-X21 t I l"XS7*l • > 

90011  FORMAT  CI8»6X.I8,6X> 

WRITE  2,9001 1. PI, P0 
GOTO  90006 
90007  CONTINUE 
END 


INPUT  5  5 

.18 554999+0 5  .59000000+01 

THE  POLYNOMIAL  OF  DEGREE  5  »  ARGUMENT  5.001.  -  t.  105+05 
0  0 
1  1* 

8  g- 

3  3 

4  * 

5  5 


E10 


MAXIMUM  n=2C 


PRINT  Xi=i  PROM  1=1  TO  1C.  {LENGTH  CF  X  IS  KNOW  > 

READ  n.  FROM  1=1  TO  n  PRINT  Yi=l.  {THE  LENGTH  OF  Y  IG  FIXED  BY  ry 

PRINT  7  =  j2  FROM  j=l  UNTIL  1>  S?L  •  {  STOP  WHEN  7  >  } 

PRINT  n. 

FINISH. 


seen  MAXIMUM  N-28 

S088#  PRINT  X  SUM,  Cir»T  FROM  I»t  T<T  »• 

SM3r 
READ  M 

SM4r  FROM  1*1  to  » PRINT  X  SUB  <U»t 

sons* 

PRIMT  £ RAISES  TO  <8>  FROM  «J"I  UNTIL  E  GREATER  THAN  OR  IMMUTO  ** 
MM 
PRINT  N 

S0B7B  FINISH  ___  _ 

fxftC.u'Ho**  rstxt  p«|C 


Ell 


■  -  N  mrnm  y 


DIMENSION  X67C0011>.X70(002n 
X 1 4*3 »  >41 89065 
X1S-2. 7168818 
97777  FORMAT  (£14.8) 

X57-1. 

QI  ■(  QM • )/ABSF( 01 
SOTO  90001 

90002  X57-X57*!.. 

9000 1  I F< ( I 0 . -X57 1 *0 11  90003/ 90004. 90004 

90004  Pt*X67<It«X37*l.)*X5T 

WRITE  2.97777. PI 
GOTO  90002 

90003  READ  1. 97777. X72 
X57-1  . 

08»<fl»l .l/ABSFCQl 
GOTO-  90005 

90006  X5?-X57*l. 

90005  I  FI CX72*X57) *08 >90007. 9001 0. 900 1 0 

90010  P1«X70<! l-XS7*l .J-XS7 

WRITE  2.97777. PI 
GOTO  90006 

90007  X60*l. 

Q3«f 0»1 .)/ABSF<0> 

GOTO  90011 

90012  X60«X60*I • 

90011  !F(<X71-< 94. >1190014*9001 3. 9001 3 

90014  P I »X7 1 »X60 *  C  2  •  1 

WRITE  2.977.77.PI 
GOTO  90010 

90013  P1-X72 

WHITE  2.97777. PI 
END  ' 


.  10000000 *01> 
•20090000*01 
•39000090*91 
•40000000*01 
.50000000*01 
•60900000*91 
.70000000*01 
•00000000*91 
.90000000*91/ 

•  10000000*0»MPUT  IS' 
.10000000*01 
.20000000*01 
•30000000*01 
•40000000*01. 
•50000009*01 
•60000000*01 
.70000000*91 
•80000009*0 1 
•90000909*01 
•10900090**2 

•  1 1000000*02 
.12090009*02 
•13000000*02 
•14000000*02 

_«LS0#9*00*00_ 


'•10000000*01 
.39999999*01 
•09999999*01 
•15999999*02 
.24999999*02 
•35999999*02 
•40999999*02 
•63999999*02 
•00990999*02 
•99999999*02 
• 15000000*02 


£12 


FOR  1-1,2,.. .,1?  PRINT!  8  • 

rtmt.  €****y  <l*mi*~*  iP«?NT*LAiEL55A^HA,PETA, GAMMA, 7ETA. 

•itTH  00#*rr  r  (FINISH- 


£0010  FOR  1-1,2.  ..  .,10  PRINT  I(S) 

£0020  FOR  J«5(  10)55  PRINT  J<2> 

£0030  PRINT  LABEL  ALPHA. BETA, GAMMA. SETA 
S0040  FINISH 


X14-3.1415926S 
XI 5-2. 7182018 
97777  FORMAT  IE14.8) 

X57*l • 

01-<8«2. ■<!•)) /ABSF<  0) 

GOTO  90001 

90002  X57-X57*2.-<  1  .  > 

90001  IF(< 10. -XS7>«Q1)90003.90004, 90004 
*90004  P1-X57 

90005  FORMAT  (I6,6X> 

WRITE  2.90005. PI 
GOTO  90002 

90003  X60-S. 

QC-( 0-10. >/ABSF(0> 

GOTO  90006 
90007  X60-X60+ 10. 

90006  IF( <  55- -X60)*Q2)90010. 9001 1.9001 1 

90011  P1-X60 

90012  FORMAT  <I8.6X> 

WRITE  2. 900 1 2. PI 
GOTO  90007 

90010  CONTINUE 

90013  FORMAT  <  4X. 000 SH ALPHA, 5X»  SX.0004HPETA. 5X. 4X. 000 5M GAMMA. 5X. 5X>  00 
04HZETA) 

WRITE  2.90013 
END 

oorFo-r 

1 

2 
3 


5 

15 

25 

35 

45 

55 

ALPHA  BETA  GAMMA  SETA 
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STATEMENT  5  FROM  Y=1  TO  11 


PRINT  Y  Jg  .  STATEMENT  o.  FINISH. 


SMI*  LOOP  STATEMENT  S  FROM  Y-l  TO  » 1 

SMC*  PRINT  YCO 

SB *3*  STATEMENT  5 
SB* 4*  FINISH 


X14>3.»  141  S9C65 
X15-B. 7188818 
9T77T  FORMAT  (E14.6) 

N7B-I. 

01  •<  t'*'>/AB&F<  0) 

GOTO  9*001 
9MM  X7B-X7B*  I  . 

9***1  IF<(  1  I .  -X7*  )  «WW*>B.  9*W4.  »|«|4 

90M4  .  PI -XT# 

9MBS  FORMAT  <  1 8.6X7 

WRITE  l>9HV9>PI 
0070  «**•* 

MM3  C0MT1NUS 
7M*S  CONTINUE 

nut 


r 

s. 

» 

s 

« 

9 

r* 

II 


E 1 4 


PRINT 


1 


SIN  J 
C0$  9 


FROM  9=.ltr  BY  .05  TO  .^5* 
FINISH. 


/ 

/ 

/ 

/ 


V 


see  10  PRINT  Z*(  CS!N< THETA) >/<  COS<  THETA  1 )  )*SORT(  (  (  1  >/(  <  COS<  THETA  >  V 
RAISED  TO  (8) ) ) ) 

FROM  THETA*. 1»PI  BY  .05  TO  .45*PI 
S0080  FINISH 


X14-3. 14159265 
X15-8. 7188818 
97777  FORMAT  (El 4. 81 
X33*. 1*X14 
al*CO«.05»/AESF(O) 

GOTO  90001 
90008  X33*X33* .05 

90001  1 F( ( . 4S*XI4-X33)*01 19000 3* 90004. 9A0P4 

90004  Pl-X71-< (SINF(X33> )/<COSF(X33) ) >*SOPTF( ( ( 1 .  > /( C  COSFC  X33> >  UP. > ) 

>  > 

WRITE  8.97777. PI 
GOTO  90008 
90003  CONTINUE 
END 


.34164897*00 

.40790803*00 

.48018816*00 

.55907554*00 

.64870550*00 

.74079897*00 

.86879701*00 

.99410811*00 

.11470838*01 

.13874006*01 

.15430055*01 

.10041134*01 

.81854097*01 

.85877098*01 

.30416688*01 

.37135437*01 

•46164769*01 

.50710487*01 

.76079906*01 

.10463104*08 

.14993454*08 

•83850644*08 


0\JT9VT~ 


El  5 


,?«15-:_N(e15)+l  AND 
■  -I  i  NT  ^  ,D .  FINISH. 


,  J+3. 
D=s>-LOG ( 1CJ 


f*‘r  TW*  r 

_RpfcffT*0 

C©H*tT^  'q>43 

q-Lofr  O6 


S0010  R-15-LN  <  E  RAISED  TO  U5))H  AND  D»9-L0G(  10  RAISED  TO  «9>W3 

S0020  PRINT  R. D 
S0030  FINISH 


X14-3. 141 59265 
XI 5*2 *71 888 18 
97777  FORMAT  (El 4.8) 

XSl«15.-LOGF(X15»< 15.) >*1 . 
X24>9.-CL0GF( 10. »(9.))+3. 
P1-XS1 
P8-X84 

WRITE  8. 97777. PI. PC 
END 


•  10000001 »01  .89999999*01 


El  6 


P1  =  .99  FROM  1=1  TO  TOO. 

JP,  IS  THF  RELIABILITY  INDEX  FOR  COMPONENT  1> 

100 

Q=  TT  p,-  ^PRODUCT  FUNCTION*  PRINT  Q. 

1=1  1 

R=1 OOQ. 

JR=THE  TOTAL  DEVICE  RELIABILITY  FOR  100  COMPONENTS  I 
PRINT  FORMAT  i ,  R. 

FORMAT  1  THE  OEVICE  IS  xx.xxxx  PER  CENT  “ELIA?.". 
FINISH. 


50010  R  bUt-  <I>».99  ft  DM  1  =  1  TO  100 


50080 


O-FROtOCT  WITHIN  (  }  00=  I -1  >  OF  (P  SUP  <T>> 

50030  PUNT  0^  ^oT£  gtniCll  H0Lf*fLlCAnOf) 


50040  fi= 100*0 


500  50 

KM  NT  FORMAT  I.R 

50060  FORMAT  l  THF  CFVICF  IS  XX.XXXX  PFP  CFNT  RFLIAPLF 
50070  FINISH 

DIMENSION  X47<0201 > 

X 14*3 • 141 59065 
A15*8. 7108618 
97777  FORMAT  <EI4.0> 

X57-1 . 

01*<0*l . )/ABSF< Q> 

GOTO  90001 
90008  X57«X57*1. 

90001  IF< ( 100 • »X57  >*Q1 >90003.90004.90004 

90004  X47<II*XS7*1.)*.99 

GOTO  90008 

90003  X50*  PR0E<X57*l«»  PF OCI  < X57.  1 00 .  )  .  W*X47(  I  1  *X 57*  I  . >  > 

K1-X50 

WRITE  8.97777. PI 
X51*100  »*X50 
P1-X51 

WRITE  8. 60001. PI 

60001  FORMAT  <001 5HTHE  CFVICF  IS  .F7.4.0018H  PER  CFNTIFFLIAPLF) 
ENC 


•36603833*00 

IHE  CEVICE  IS  .3660*08  PER  CFNT  RFL1APLE 


E17 


FROM  1=1  TO  11  AND  k=99  TO  102  PRINT  1  $  ,k  ft 

K'TE  THAT  OUTER  LOOP  IS  EXERCISED  FIRST  f 


FIN  3H . 


seats  nton  t«i  to  n  ame  k»99  to  tea  fruit  itei.icov 

sees# 

finish 


xi4-3. lAts^ees 
Xi9»8t7t8eet0 
97177  FORMAT  C El 4.8) 

X«1<M. 

01“«  Q»l« 1/ABSFT  07' 

GOTO  90001 
90002  X61«0t«t4-1. 

JllV  l0e--*a»>*OI>90*03,*#0«4.90IPAA 

Wf|4  X57*i* 

Ct«Q>l.>/A8SF<t) 

GOTO  90009 

90006  XS7aX97*l.  ' 

’®f®5  *F<  < I I *~X57 >*02)90007.90010*9001 0 

»00t0  Pl*X97 
P2-X6 I 

00011  FORMAT  (I8.6X.10.-6X) 

WITE  8.9001 1, PI. P3 


f 


FR3M  N=1  BY  .66  TC  20 

PRINT  FORMAT  1  ,  N,  TRUNCATE  (N). 

FORMAT  1  FOR  N=xx.xxxx  T BE  TRINFATE  10  xx. 

F INI5M. 


S08I8  FROM  M»l  BY  .6*  TO  80  PRINT  FORMAT  UN.  TRUNCATE  CH> 

saeaa  format  »  for-  n-xx.xxxx  the  tbuncatfus  xx 
SH»  FINISH 


.  X14-3.141 59265 
X13»8. 7188810 
9777T  FORMAT  (El«.8> 

X45-1.. 

01  •<  0*  »06> /ABSFC  OF 
GOTO  MU! 

98888  X45-X45*.66 

98881  IF<<80.-X45)*Qi > 9*003.90004. 90004 

98884  PI-X4S 

P8“XIJFT0CX45> 

KRJTE  2,  60081. PI. PS 
Q0TO  98888 
98883  CONTI NOE 

0  8881  '  FORMAT  (888AHF0R  N», F7.4.80 19H  THE  TRUNCATE! I  SI . 1 8 1 

INC 


FOR 

N- 

1.0000 

THE  TRUNCATE  IS 

lr 

FOR 

N-' 

1 .0808 

THE  TRUNCATE  IS 

L 

FOR 

N*  2. 3888 

THE  TRUNCATE  IS 

8 

FOR  N« 

2.908R 

THE  TRUNCATE  IS 

8 

FOR 

8- 

3.0488 

.THE  TRUNCATE  IS 

3 

FOR 

N- 

4.3888 

THE  TRUNCATE  IS 

4' 

FOR 

N- 

4.9088 

THE  TRUNCATE  IS 

A 

FOR 

N- 

3.028ft 

'  THE  TRUNCATE  IS 

9 

FOR 

N- 

0.8888 

THE  TRUNCATE  IS 

0 

FOR  11- 

0.8488. 

THE  TRUNCATE  19 
THE  TRUNCATE  IE 

0 

FOB  N- 

7.0888  . 

T 

FOR  N“ 

0.8880 

’  THE  TRUNCATE  IS 

a 

FOR  N- 

0.9888 

THE  TRUNCATE  IS 

8 

FOR 

M- 

9.0880 

THE  TRUNCATE  IS 

ft 

FOR  N- 

.1084408' 

THE  TRUNCATE 

IS 

Iff 

FOR 

N- 

.1889408' 

THE  TRUNCATE  IS 

18 

FOR 

N- 

•  1155408 

IRE  TRUNCATE 

IS 

IV 

FOR 

N» 

•1881488 

THE 

TRUNCATE  IS 

1ft 

FOE 

N- 

.1887488 

THE 

TRUNCATE 

IS 

18 

FOE  N— 

.1353408 

THE 

TRUNCATE 

IS 

13 

FOR 

al¬ 

« 1410408 

THE 

TRUNCATE 

IS 

14 

FOR 

ii- 

•1485488 

THE 

TRUNCATE 

IS 

IA 

FOR 

N- 

.1531 408 

THE 

TRUNCATE 

IS 

IS 

FOR 

N- 

.10I74«f 

THE 

TRUNCATE 

IS 

10 

FOR 

H- 

.1083*08 

THE 

TRUNCATE 

IS 

16 

FOR 

N- 

•  1  749.«08 

THE 

TRUNCATE 

IS 

17 

FOR 

N» 

.1813*08 

THE 

TRUNCATE 

IS 

10 

FOR 

N- 

.1881*08 

THE 

TRUNCATE 

IS 

10 

FOR 

W» 

.1947*88 

THE 

TRUNCATE 

IS 

19 

E19 


c?zy.  5=.l  3Y  .2  TC  3  COMPUTE  ct=C0S  (a)  AND  -^COS-1  (a) 
AND  P9  I  NT  d ,  Y ,  ‘i—  / . 

Fl.Vi  SN. 


SMI*  FROM  THETA—  r.  BY  .8  TO  3  COMPUTE  A4fHA-C0S<  THETA*  AMO  OAMHA- 
ARCCOSC ALPHA )  AMD  PRINT  THETA.6AMMA. THETA -GAMMA 
S8888  FINISH 


*14-3.141 59885 
XI 3-8.7188815 
-  *7777  FORMAT  <S14.4> 

X33—  I 

ai-<8— 8>/ABSF(Q> 

80 TO  ttMl 
908*8  U3«XU«.8 

MM1  IFCC3.-X33>*'O1>9#083>»***4>*O0B4 
9*884  XSS-C0SE<X33> 

X183— ARC0SF(X35> 

PI-X33 

F8-X183 

P3-X33-XI83 

WRITE  8.977T7.P1.P8.P3, 

WTO  9**88 
98883  CONTINUE 


•18880888 -80  .18888888-80 -.UrS8T4#8-*r 

.38888888-80  088*8* 8* -88  -.8*834737-8# 

.58888888-88  .3888888848*  -.U*3»3T*N*r 

.7M888S84S8  .7N*S**B«M  -  .8357*1  *»-*» 

.«*999999-8*  .98*88*8*4**  — SET#***^** 

*  1  l***80*48t  .•!  188*8884*1  -.3434*519-80 

.13888888481  .138*8*8*481  ^»I8M3»-H 

.14B99»99«81  .1388888*481  -.34888749-88' 

.1**989*94*1  .178*88*84*1  -.87337*80-8* 

.1988*8**481  .19*8#*#**8l-  -•  38*47983-80 

.889999994*1  .*18*****4*I  -.0793*477- 80 

.8899999948  U.  .838888*04*1  -.1*79**84-88 
.84999999481  .8499999*4*1  .14901141-07 

•849*9*9*401  .8499**97481  .885T8S07-86 

• 8899999*48 1  .8*9*99774*1  .8881*973-85 
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MISSION 

of 

Rome  Air  Devefopment  Center 

RA VC  plans  and  executes  neseanch,  development,  test  and 
selected  acquisition  pn.ogn.ams  in  suppont  of,  Command,  Control 
Communications  and  Intelligence  (C3 I)  activities.  Technical 
and  engineening  suppont  within  aneas  of  technical  competence 
is  pnovided  to  ESV  Pnognam  Offices  IPOs )  and  othen  ESP 
elements.  The  pnincipal  technical  mission  aneas  one 
communications ,  electnomagnetic  guidance  and  contnol,  suA- 
veillance  of  gnound  and  aenospace  objects,  intelligence  data 
collection  and  handling,  infonmation  system  technology, 
ionosphenic  pnopagation,  solid  state  sciences,  micnowave 
physics  and  electnonic  neliability,  maintainability  and 
compatibility. 


